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CHAPTER I 
PROBLEM 
Statement of the problem.-- This study is involved 
with the identification and measurement of manipulative 
skills of children six, seven, eight, and nine years of 
age. While the identification and measurement of the 
manipulative skills are the primary concern of this study, 
a secondary purpose will be to determine the degrees of 
relationship existing between different measures of 
manipulative skill. Such factors, also to be investigated, 
will be performance in gross motor skill, physical and 
mental growth, and the relationship of these variables to 
fine motor development. The levels and quality of 
manipulative skill and fine motor development are to be 
evaluated by a test containing motor situations designed to 
measure a pupil's proficiency in this area. 
Definitions of important terms.-- The terminology as 
defined in this study is concerned with the area of motor 
ability. The latter is meant to refer to the ability to 
perform activities that require muscular co-ordination. 
Manipulative skills, within the area of motor ability, 
are limited to those activities involved in fine motor 
performance. 
-1-
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Fine motor performance has reference to those neuro-
muscular co-ordinations which involve small segments of the 
body, i. e. the use of the fingers, hands, wrist, and arms 
11 
in co-ordination with the eyes. 
Gross motor performance is considered the use of the 
neuromuscular co-ordination which involve vigorous 
contractions of large muscles and usually movement of the y 
whole body. 
Physical growth, in this study, is to be assessed 
through the measurements of height, weight, and age. 
Mental growth will be determined through the 
administration of a group test of intelligence. 
Justification.-- In every classroom as well as in 
nearly every aspect of the young child's life, demands are 
being made upon his ability to co-ordinate his movements. 
In building blocks, in stringing beads, in simple 
construction work, in buttoning a coat or lacing shoes, in 
painting or writing, fine co-ordinations of the fingers, 
hands, and arms are required. 
The activity aspects of modern educational programs 
have increasingly emphasized the need for understanding 
l/H. G. Seashore, "Some Relationship of Fine and Gross 
Motor Abilities," Research ~uarterly (October, 1942), 
15:259-74. 
yrbid. 
more about the function of manipulation and its value in 
making learning more meaningful and lasting. It has been y 
indicated by Ragsdale that: "The production of language 
3 
sounds is first of all a motor process; later, handwriting 
must be mastered as motor behavior before it can become a 
useful intellectual tool." y 
Newkirk writes that children have native impulses to 
activity. The outstanding impulses are the manipulative, 
the investigative, the artistic, and the social. Children 
like to manipulate tools and materials and have a natural 
urge to express ideas and emotions in drawing, painting, 
modeling, constructing, and decorating. 
~ 
It has been pointed out by Inskeep · that the period 
of six to twelve years represents the age when the foundation 
of accessory muscles (the use of fingers, hands, and wrists) 
can be laid to best advantage. If a child is going to learn 
skill in the use of accessory muscles it must be during 
these years, with technique being perfected later. 
l}c. E. Skinner and P. L. Harriman, (Editors), Child 
Psychology, The Macmillan Company, New York, 1941, Chapter 4 
by C. E. Ragsdale. 
~L. V. Newkirk, Integrated Handwork for Elementary Schools, 
Silver Burdett Company, New York, 1940, Chapter 2. 
3/A. D. Inskeep, Child Adjustment in Relation to Growth and 
Development, D. Appleton and Company, New York, 1930. 
4 
Eight years of age represents the golden age for the 
training of accessory muscles, when every opportunity should 
be given to make them handwise. The latter is best done 
through the provision of activities which involve the use 
of a pen, pencil, brush, needle, hammer, and saw. 
The need for education to understand the area of motor y 
skills is indicated by Millard who writes: 
"Greater success in formalized presentations in 
reading, arithmetic, and spelling will be achieved, 
when children are socially and organismically developed 
for satisfying utilization of this kind of work. This 
process is best handled when proper delay as to time 
is co-ordinated with an introduction which utilized 
experience and creative reconstruction with full motor 
accompaniment.'' 
Since proficiency in ordinary motor co-ordination can 
also be very important in the personal and social progress 
of a child it would seem worthwhile to make more careful y 
observations in this field. Wenar points out the effect 
of motor handicap on personality in experiments with 
children with and without motor handicaps. He concluded: 
"The handicapped can maintain a realistic attitude 
toward his capabilities for only a limited period of 
time, then under pressure of frustration of limited or 
unpredictable achievement, his attitude changes to a 
wishful one of what he would like to do rather than 
what he is capable of doing." 
l/C. V. Millard, School and Child, Michigan State College 
Press, Michigan, 1954. 
yo. Wenar, "The Effects of Motor Handicap on Personality," 
Child Development (June, 1953), 24:23-130. 
5 
Exactly what the differences among children are, how 
to measure them, how they are related to the many phases 
of the child's development are questions about which little 
1.1 
experimentation has been done. Bayley and Espenschade 
state: "A real need is indicated for a co-ordinated series 
of studies investigating age changes in the organization of 
both gross and fine motor abilities and their interrela-
tionship." 
This study is primarily concerned with determining 
levels of motor skill development of early age children, 
their steadiness of control and their ability to manipulate 
objects. The need of this understanding is discussed in y 
part by Nestrick. He states: "The motor activities under-
taken by adults are influenced to a large degree by what 
they learned or failed to learn as a child." 
It is hoped that the identification of the levels of 
manipulative skill will ultimately contribute to a greater 
understanding of what constitutes motor ability and what 
place motor control has in the child's . development. By 
1/N. Bayley and A. S. Espenschade, "Motor Development and 
Decline," Review of Educational Research (December, 1950), 
20:367-74· 
~W. V. Nestrick, Constructional Activities of Adult Males, 
Contribution to Education, Columbia Teachers College, New 
York, Number 780, 1939. 
evaluating achievement of individuals in these selected 
fine motor skill areas, the test to be developed may serve 
as basis for further research in the area of grade or age 
placement of activities. 
Scope of this study.-- This study is concerned with 
male children of the elementary school grades. It 
indicates a recognition of four variables which are of 
significance to child growth and development. The four 
variables which are investigated in a search for degrees 
6 
of relationship are: (1) fine motor performance; (2) gross 
motor performance; {3) physical growth; (4) mental growth. 
This evaluation of fine and gross motor performance 
involved the development, construction and administration 
of preliminary test items as well as modification and final 
selection of items used. 
The test items selected were administered to a group 
of two hundred boys of six, seven, eight, and nine years of 
age. Increments of height, weight, age, and intelligence 
data were collected on these same children. 
CHAPTER II 
REVIEW OF THE LITERATURE 
1. Measurement of Gross Motor Skills 
Plan of the chapter.-- The literature chosen for review 
in this study concerns itself with motor performance of the 
elementary school child. A further refinement of the motor 
performance of elementary school children into three sub-
divisions is made: {1) identification and measurement of 
gross motor performance; (2) identification and measurement 
of fine motor performance; (3) relationship between and 
within the areas of gross and fine motor performance. 
Identification and measurement of gross motor y y 
performance.-- Studies by Gesell and Cunningham present 
excellent summaries of aspects of motor performance in 
children from infancy to three years. Their conclusions 
indicate that motor development does not occur in a 
haphazard fashion but rather in an orderly, predictable 
manner. This motor performance follows a definite sequence, 
l/. A. Gesell, Infancy and Human Growth, Macmillan Company, 
lfew York, 1926. 
:?}B. V. Cunningham, "An Experiment in Measuring Gross 
Motor Development of Infants and Young Children," Journal 
of Educational Psychology, 1927. 
-7-
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in which control occurs first in the head, then in the arms, 
hands and upper part of the trunk; later, in the lower part 
of the trunk; and f' inally in the legs and feet. Muscle 
control appears sooner in the arms than in the fingers, 
with final development in the proximodistal direction. 
11 Gutteridge studied the motor performance of 
approximately two thousand children, two to seven years 
of age, determining proficiency of performance in the 
activities of climbing, hopping on one foot, skipping, 
jumping, standing on one leg, and throwing and catching a 
ball. Marked variations in skil.l were found at each age. 
In the activity of throwing and catching both hands were 
used at first, and then there was mass movement of the body. 
Gradually, the movements became more specialized and one 
hand only was used. Girls were found to be more proficient 
than boys in these activities. y 
Espenschade, using the Brace tests, found that in 
total scores boys show an increment pattern similar to 
adolescent growth in standing height, while girls show 
little change after the thirteenth year. 
1JM. Gutteridge, "A Study of Motor Achievements of Young 
Children," Archives of Psychology, New York, 1939. 
yA. Espenschade, '~evelopment of Motor Co-ordination in 
Boys and Girls," Research Q,uarterly, Volume 18, Number 3, 
March, 1947. 
9 y 
Jenkins in a study comparing some of the gross motor 
achievements of three hundred children ages five, six, and 
seven, found certain sex differences. Boys showed a 
superior performance to girls in the measured activities 
involving jumping, running, and throwing. There was little 
measurable difference in activities involving climbing, 
dancing, or balancing. 
In a study of variables inherrent in motor development y 
Brace administered his own test to 107 children. This 
test is composed of twenty stunts; each of which is scored 
in terms of success or failure. Three variables were found 
to be related to motor ability as measured by the Brace 
Scale. Proficiency in motor ability was associated with 
muscular development and high intelligence; motor ability 
was found inversely related to obesity. No significant 
relationships were found among general health, motor ability, 
structural development, posture, estimate of leg muscles, 
or general orthopedic rating. 
1/L. M. Jenkins, A Comparative Study of Motor Achievements 
of Children of Five, Six, and Seven Ye ars of Age, Teachers 
College, Columbia University, New York, 1930. 
~D. K. Brace, Measuring Motor Ability, A. s. Barnes and 
Company, New York, 1937. 
10 y 
Hartman, in a study the purpose of which was to 
discover the value of the hurdle j~p as a measure of motor 
proficiency in young children ages four to six, found no 
significant sex differences with the younger group. With 
the older group, six years of age, the sex differences 
reported indicated that the boys were superior in baseball 
throwing and hurdle jumping. The study concluded that the 
high jump was apparently inadequate as a single measure of 
the motor proficiency of the kindergarten child. 
The development of a beam-walking test as a measure of 
proficiency in one aspect of motor development is credited y 
to Seashore. He and his colleagues made an effort to 
develop a reliable test of this nature that would 
discriminate in levels of balancing ability. The test 
included a succession of nine oak beams ten feet in length 
and graded down in width from four inches to one quarter 
inch. Results showed individual differences to be great, 
that the test was reliable and that it did discriminate 
between age groups studied. 
1/D. M. Hartman, "The Hurdle Jump as a Measure of the Motor 
Proficiency of Young Children," Child Development, Volume 14, 
Number 4, Washington, D. C., December, 1943. 
2/H. G. Seashore, "The Developing of a Beam-Walking Test and 
Its Use in Measuring Development of Balance in Children," 
Research Quarterly, Volume 18, Number 4, December, 1944. 
11 
11 Seils using measures of gross motor development such 
as running, jumping, and throwing with primary grade children 
found children to be more proficient in each area of motor 
performance at successive grade levels. y 
Similarly in a later study Latchow, using items of 
gross motor performance such as throwing and jumping, found 
that age had the highest relationship to performance and the 
mean performance tended to be higher from grade to grade. 
Summary of findings and implications for this study.--
These recent studies of gross motor performance of young 
children tend to agree in reporting age changes in the 
abilities measured. There appear to be positive correlations 
between the scores on the different tests, although the size 
of the correlations vary greatly among the different abilities 
compared. Sex differences appear to vary widely according 
to the specific ability under consideration. Evidence 
relative to factors of interrelationship ~1ong the different 
abilities appears to be inconclusive. 
Findings indicating levels of abilities in the area 
of gross motor performance of children and its relationship 
yL. G. Seils, The Relationship Between Measures of Physical 
Growth and Development and Gross Motor Performance, Doctoral 
Dissertation, Boston University, 1948. 
:?JM. E. Latchow, A Study in Measuring Selected Motor Skills 
at the Fourth, Fifth, Sixth Grade Levels, Doctoral 
Dissertation, State University of Iowa, 1952. 
12 
to success in fine motor performance appear to be very 
limited. One of the purposes of this study is to contribute 
to the evidence regarding the extent of this relationship. 
2. Measurement of Fine Motor Skills 
Identification and measurement of fine motor 
performance.-- Studies in the area of motor skill 
identification have been concerned with experiments related 
to gross and fine motor development. The measurement of 
specific motor skills is difficult, however, since the 
situation is complicated by the presence of various factors. 
Despite their limitations some motor tests have been devised 
and are useful in securing information about the child's 
motor development. This discussion will concern itself 
with the published findings related to fine motor skills 
as defined in the previous chapter. y 
Seashore recognizes three or four possible variables 
in every fine motor skill. These have been generally 
classified as: 
1. Speed of voluntary movement 
2. Precision or accuracy of voluntary movement 
3. Steadiness or .control of voluntary movement 
4. Strength of voluntary movement 
1/Robert H. Seashore, "An Experimental and Theoretical 
Analysis of Fine Motor Skill," American Journal of 
Psychology, (January, 1940), 53:86-98. 
13 
The majority of motor tests for children of school 
age have been adapted largely from those designed for 
adults; some of which have been employed in the psycho-
logical laboratories since 1892. More recent studies have 
made an effort to base items on actual motions involved in 
children's activities at school, home, and play. 
Earlier studies approached the problem of studying 
fine motor performance through the measurement of such 
facets of motor skill as: 
11:5:111 1. Tapping, designed to measure voluntary movement 
2. Steadiness, designed to measure control of muscular 
JJ!±Ii! 
tremor 
3. A~ing, devised to determine the degree of eye-
2/§./ 
hand co-ordination 
yE. Garfiel, "The Measurement of Motor Ability," Archives 
of Psychology, (1923), Number 62, Volume 9:45-47. 
2:/R. H. Seashore, "Stanford Motor Skills Unit" Psychological 
Monographs, (1928), Number 2, Volume 39:51-66. 
1/F. L. Goodenough, "A Further Study of Speed of Tapping in 
Early Childhood," Journal of Applied Psychology, (1935), 
Volume 19:309-19. 
~B. J. Johnson, Mental Growth of Children in Relation to 
Rate of Growth in Bodily Development, Dutton, New York, 1925. 
2fc. H. Griffitts, "A Study of Some Motor Ability Tests," 
Journal of Applied Psychology, (1931), Volume 15:109-125. 
&JG. M. Whipple, Manual of Mental and Physical Tests, 
Warwick and York, Baltimore, 1914. 
14 
Other studies dealt with activities of a fine motor 
112:.1 ll 
performance such as maze tests, tracing board, writing 
!±I . b l . movements, crossing out dots, str1ng games, a anc1ng 
Y21 
coins, threading needles, and tying strings. 
In general, the results of these investigations show a 
marked increase of motor control with age, a positive, but 
not high relationship with general mental ability and an 
indication of superior performance by children from superior 
environment. Findings in regard to sex differences were 
contradictory. 
21 
Wellman in an experiment with children from three to 
six years of age used an adaptat1on of the Stoelting tracing 
board and a tracing path test. Her findings indicated a 
correlation of .81 for boys and .82 for girls between 
chronological age and tracing path scores. 
1JB. J. Johnson, Mental Growth of Children in Relation to 
Rate of Growth in Bodily Development, Dutton, New York, 1925. 
yF. A. C. Perrin, "An Experimental Study of Motor Ability," 
Journal of Experimental Psychology, (1921), Volume 4:24-57. 
2/Beth J. Wellman, "The Development of Motor Co-ordination in 
Young Children, 11 University of Iowa Studies in Child Welfare, 
(1926), Number 4, Volume 3. 
!:rJ'A. I. Gates and G. A. Taylor, "The .Acquisition of Motor 
Control in Writing by Pre-School Children," .Teachers College 
Record, (1923), 24:459-468. 
2./C. H. Griffitts, "A Study of Some Motor Ability Tests," 
Journal of Applied Psychology, (1931), Volume 15:109-125. 
The problem of reaction time and the motor process 
1/ 
was studied in two separate experiments by Jones- and y 
15 
Goodenough. Jones found a small relationship between the 
reaction time of subjects test ed and their intelligence; he 
noted a slight sex difference in favor of males. Goodenough 
found no relationship between speed of reaction and socio-
economic status and a positive but low corr elation between 
re action speed and height and weight. 
In a control-experimental study of manual motor co-
2/ 
ordinat ion in superior children, Kiefer used a tapping 
test item, a measure of stead iness, a tracing test, a 
tensiometer, and strength tests. Results indicated the 
differences in performance on manual motor tests of 
superior and average children were negligible • 
.A study of the relationship of motor ability to the 
intelli gence of kindergarten children was made by Hertz-
W berg. He used eighteen items of a fine motor type and three 
1/H. E. Jones, "Reaction Time and Motor Development," 
P~erican Journal of Psychology, (November, 1937), 50:181-94. 
2/Florence L. Goodenough, "The Development of the Reactive 
Process from Early Childhood to Maturity," Journal of 
Experimental Psychology, (August, 1935), 18:431-50. 
2/F . A. Kiefer, "Manual Motor Correlation in Superior 
Children," Journal of .Applied. Psychology, 1929, 13:357-71. 
l:Jjo. E. Hertzberg, "The Relation of Motor Ab ility to the 
Intelligence of Kindergarten Children," Journal of Educa-
tional Psychology, 1929, 20:507-19. 
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items of gross motor control. The experimental data indicate 
that motor development alone does not correlate to any 
significant degree with mental age. 
Speed of tapping with a stylus and with fingers was 
used in a further study with early age children by 
1/ 
Goodenough.- Results reported show low intercorrelations 
between motor skills and little predictive value in the 
tests used. 
Scissors cutting, as a device for measuring motor y 
control, was used by Mandeville with children ages eight 
to thirteen. Scores showed no relation to intelligence 
quotient, sex, or age. 
2/ 
Moore developed a test to measure speed of eye-hand 
co-ordination of small children. The instrument is 
essentially placing marbles by color and speed into various 
holes in a board. Moore found speed increased with age 
and that girls were slightly, although consistently, faster 
than boys. 
1/F. L. Goodenough, "A Further Study of Speed of Tapping in 
Early Childhood," Journal of Applied Psychology, 1935, 
19:309-19. 
11K. G. Mandeville, The Cutting-out Test, A Device for 
Measuring Motor Control and Emotionality in School Children, 
Clark University Bulletin, Abstract of Dissertation and 
Thesis, 1944, 16:69-72. 
2/J. E. Moore, "The Standardization of Moore Eye-Hand 
Co-ordination and Color Marching Test," Education and 
Psychological Measurement, {January, 1950) , Number 1, 
Volume 10:19-27. 
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Some further interesting results of Moore Eye-Hand 
Co-ordination and Color Matching test were found in the y 
study by Williams. Results corroborated those of the 
test author in relation to speed of girls over boys and a 
correlation co-efficient of .21 between eye-hand co-ordination 
and mental age. Results also suggested a tendency for those 
who exhibit greater readiness for reading instruction to 
perform Moore's test more rapidly than those who show little 
readiness in this area. 
2/ Shepard used motor factors of copying numbers and 
symbols, pegboard test, and tracing a path to determine 
relationship to re ading readiness. Findings indicate 
relationships were not extensive enough to warrant use of 
measures of motor co-ordination in predicting success or 
failure in reading. 
ITJ. E. Moore, "The Standardization of Moore Eye-Hand 
Co-ordination and Color Matching Test," Education and 
Psychological Me asurement, (January, 1950), Number 1, 
Volume 10:19-27. 
y w. A. Williams, Relationship of Eye-hand Co-ordination 
in Children to Total Development, Doctoral Dissertation, 
University of N~chi gan, 1952. 
3/S. Shepard, Motor Co-ordination as a Factor in Reading 
Re adiness, Doctoral Dissertation, University of Michigan, 
1954. 
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3. Test Batteries Developed for the 
Measurement of Fine Motor Skills 
Utilization of test batteries in the identification 
and measurement of fine motor performance.-- Single tests 
of motor ability often gain in usefulness when included 
in a battery of tests. They have the advantage of standard 
apparatus and the fact that the test could be given outside y y 
the laboratory. Garfiel and Seashore were early pioneers 
in this area. 
Of more recent origin is the test battery developed 
:ll by Oseretsky, adapted for American use by Doll at the 
Vineland laboratory. The Oseretsky measures both fine and 
gross motor control and has been used largely in measuring y 
motor ability of mentally retarded youth. In general the 
results indicate measurable differences in motor ability 
between mentally retarded and those of average children. 
1/E. Garfiel, "The Measurement of Motor Ability," Archives 
of Psychology, 1923, Number 62, Volume 9:45. 
yR. H. Seashore, ''Stanford Motor Skills Unit, Psychological 
Monographs, 1928, Number 2, Volume 39:51-66. 
2/E. A. Doll, The Oseretsky Tests of Motor Proficiency, 
Educational Test Bureau, Educ ational Publishers, Inc., 
Minneapolis, 1946. 
~D. A. Turnquist and s. S. Marzolf, "Motor Abilities of 
Mentally Retarded Youth," Journal of the American Association 
for Health, Physical Educ ation, and Recre ation, (March, 1954) 
Volume 25:43-4. 
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A modification of the Oseretsky scale was used by 
11 
Holbrook in a study of the motor abilities of children 
between the ages of four and twelve. Findings showed 
performance curve to be ste epest between seven and ten and 
leveling off at about eleven years of age. No correlation 
was found between motor performance and sex, intelligence 
quotient or socio-economic level. Extreme groups of well 
and poorly adjusted subjects were fotmd to differ 
significantly in motor performance, with the difference, 
as would be assumed, in favor of the well adjusted group. y 
Vander Lugt's scale of ten original tests designed 
to measure manual ability is expressed by the following 
psychomotor components: speed, pressure, accuracy, motor 
memory, and co-ordination. Vander Lugt found most rapid 
development of co-ordination occurred between the ages of 
six and nine with little difference between the sexes. 
Relationship of fine and gross motor abilities.--
Recent studies in this area have revealed that motor skill 
tests, when used to measure fundamental movements of 
1}s. T. Holbrook, A Study of the Development of Motor 
Abilities Between the Ages of Four and Twelve, Using a 
Modification of the Oseretsky Scale, Doctoral Dissertation, 
University of Minnesota, 1953. 
2/M. J. Vander Lugt, V.D.L. Psychomotor Test Series for 
Children for the Measurement of Manual Ability, New York, 
New York Univer sity, 1949, mimeo, pp.90. 
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walking, running, jumping , climbing, dodging, swimming, 
handling simple tools, and us i ng pieces of equipment 
11 
represent measurement of processes vital to life. The 
ability to achieve competency in motor activities, along 
with the ability to learn new acts, requires at least a 
certain minimum amount of co-ordination. The problem of 
the presence of certa in factors of co-ordination, of a 
general motor abil i ty, or the factor of interrelatedness 
among abilities has been the subject of several studies. 
While the exploratory studies so far have not given a 
clear definition of motor co-ordination, other workers have 
tested certain hypotheses about co-ordination. H. G. Sea-
2/ 
shore- reported a study in which he attempted to locate 
some factors common to fine and gross co-ordination. An 
excellent analysis of elements in fine co-ordination has )} 
been made by R. H. Seashore. Later R. H. Seashore, Dudek, 
M 
and Haltzman suggested an hypothesis of steadiness as an 
yo. E. Willgoose, "Relationship of Muscular Strength to 
Motor Co-ordination in the Adolescent Period, tt Journal of 
Educational Research, (October, 1950), 44:13$:42. 
l1H. G. Seashore, "Some Relationship of Fine and Gross Motor 
.Abilities," Research Quarterly (October, 1942), 15:259-274. 
2/R. H. Seashore, "An Experimental and Theoretical Analyses 
of Fine Motor Abilities," American Journal of Psychology, 
(January, 1940), 53:86-98. 
J±/R. H. Seashore, F. J. Dudek, W. Haltzman, "Factorial 
.Analyses of Fine Motor Abilities," American Journal of 
Psychology, {December, 1949), 33:579-584. 
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important factor in fine co-ordination. They located two 
factors static and moving steadiness, and concluded that 
the intercorrelations among various tests all of which 
presumably depend on steadiness and precision of movement 
cannot be adequately accounted for by postulating a single 
factor of steadiness. 
Factor analysis approach has been used to explore a 
wide variety of motor skills tests in an effort to determine 
the underlying factors in motor ability. One of the first y 
studies employing factor technique was by Jones in an 
effort to locate a general motor ability similar to the 
Speaman "g" in intelligence. Jones concluded that the 
emphases should be on "abilities" rather than "ability". 
In a more recent study of a type similar to Jones, y 
Cumbee used such factors as balancing objects, two-handed 
agility, and speed of change in direction of arms and hands. 
Results showed that factors or variables used to measure 
motor co-ordination, motor proficiency or sports skills do 
not group themselves around certain specific abilities. He 
further states that testing of these hypotheses about fine 
1/L. M. Jones, Factorial Ability in Fundamental Motor Skills, 
New York Bureau of Publications, Contribution to Education, 
Number 665, Teachers College, Columbia, 1935. 
5:/F. Z. Cumbee, "Factorial Analyses of Motor Co-ordination,'' 
Research Quarterly, (December, 1954), 25:412-28. . 
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and gross co-ordination and about steadiness as a factor in 
fine co-ordination has need for considerable further research. 
11 
An early worker in the field of motor ability, Oseretsky 
who has been referred to earlier in this chapter, made use 
of such items as rod balance, two-handed co-ordination, 
speed of movement of the arms and hands, balance, hop and 
jump, and to a certain extent rhythm. It was his idea to 
develop a motor age concept related to motor ability as 
mental age is related to intelligence. 
Motor co-ordination was studied through an analyses of 
£} 
neuro-muscular control by Willgoose. He indicated that 
the elements that contribute to neuro-muscular skill are 
strength, speed, agility, accuracy, form rhythm, and balance. 
He found a relationship of muscular strength to motor 
co-ordination. 
2.1 
Jones and Seashore in their study found practically 
no basis for a general factor in fine motor skills but a 
great deal of evidence for rather narrow group factors. 
1/E. A. Doll, The Oseretsky Tests of Motor Proficiency, 
Minneapolis Educational Test Bureau, Educational Publishers, 
Inc., 1946. 
~c. E. Willgoose, op. cit., p.140. 
lfH. E. Jones and R. H. Seashore, "The Development of Fine 
Motor and Mechanical Abilities," .Adolescence, Forty-third 
Yearbook, Part I, National Society for the Study of 
Education, Chicago, Illinois, University of Chicago Press, 
1944, pp.l23-145. 
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Summary of findings and implications for this study.--
In the earlier studies of motor performance, single tests 
of fine motor skill were used to determine a relationship 
between t~is measure and factors of physical growth, 
intelligence, reaction time, and areas of school achieve-
ment. In general, results indicate an increase in motor 
skill with age, and a low but positive correlation with 
intelligence and reaction time. Results of studies of 
relationship among fine motor ability, socio-economic 
stat us, and sex differences are at variance and in-
conclusive. 
Later studies utilized test batteries in efforts to 
loc ate re l ationships among gross motor skills, aspects of 
child growth and development, and fine motor performance. 
Also studied with these test batteries were f actors of 
intercorrelations among the various motor skills and the 
absence or the presence of a "general" motor ability. 
Findings indicate increased development of co-ordination 
with age and little or no correlation among motor performance 
and such factors as intelligence, sex, and socio-economic 
level. Results relat ive to the location of a "general" 
motor ability and relationship between gross and fine motor 
skills are inconclusive and still leave many questions to 
be answered. 
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In general results of previous research show a dearth 
of evidence relative to fine motor performance which is 
applicable to the present educational program of early age 
children and their future growth and development. The large 
number of measures of gross motor skill developed along with 
the fewer measures of fine motor skill developed have been 
significant but t hey present little evidence relative to 
how these measures affect the selection of school activities. 
These previous studies have contributed greatly to our 
knowledge of how children of different sexes and physical 
growth increments vary in their motor skills, but the 
research has been done largely apart from school situations. 
The activity program of the modern school with its 
increased emphasis on the creat ive and manipulative aspects 
of te aching and learning make it imperative that teachers 
understand more about the fine motor performance of children. 
It is the purpose of this study to add to the previous 
research and to contribute to a greater unders tanding of 
the fine motor skills of children as they participate in 
their classroom activities. 
CHAPTER III 
PROCEDURE 
1. Construction of Measuring Instrument 
Identification of fine motor performance in the class-
room.-- The activities of children in the elementary school 
classroom were considered the basic source to be used in 
identifying and locating the skills used in fine motor 
performance. A study and analysis of children in grades 
one, two, three, and four, as they perf ormed their daily 
class work was undertaken over a period of several months 
in four different element ary schools of the City of Salem, 
Massachusetts. The major concern in this observational 
study was the school activities which utilize those neuro-
muscular co-ordinations involving small segments of the 
body, i.e. the use of the fingers, hands, wrists, and arms. 
As a result of this observational study a list of the 
fine motor skill activities most commonly found in the 
elementary classroom was compiled. To insure that this 
activity list compiled was represent ative of elementary 
school progr ams, the list was corroborated in two ways. 
The first way was t hrough a perusal of local and st ate 
curr icula and published t ex tbooks devoted to element ary 
educa tion and handwork activities of the element ary school. 
-25-
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y 
The Massachusetts elementary school curriculum guide and 
y ~ 
the writings of Newkirk and Moore, Hamburger, and Kingzett 
were of considerable help in this regard. 
The second method used to corroborate and supplement 
the compiled list of handwork activities of the elementary 
Of school was a study of recent research in this area. y 
particular value in this approach was the study by Duncan 
in which he tabulated the results of almost six hundred 
replies of teachers, principals, writers, and supervisors 
relative to practical arts activities employed by elementary 
classroom teachers. 
Handwork activities of the elementary school.-- As a 
result of studies of elementary school programs it was 
possible to locate and identify the handwork activities most 
common to the elementary school. This final compilation of 
activities utilizing fine motor skills includes all the 
1/Massachusetts Department of Education, A Curriculum Guide 
for Primary Grade Teachers, Commonwealth of Massachusetts, 
1947. 
~L. V. Newkirk, Integrated Handwork for Elementary Schools, 
Silver Burdett Company, New York, 1940. 
2fF. C. Moore, C. H. Hamburger, A. L. Kingzett, Handcrafts 
for Elementary Schools, D. C. Heath and Company, Boston, 1953. 
~/G. S. Duncan, Practical Arts Activities Employed by 
Elementary Classroom Teachers and their Desirability for 
Teacher Education, Doctoral Dissertation, University of 
Missouri, 1950. 
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activities observed, whether seen as isolated craft work or 
as part of a unit approach or project method. The most 
widely and successfully used handwork activities appear to 
be: 
Block printing 
Book and paper making 
Clay modeling 
Diorama construction 
Leather work 
Map and chart making 
Marionette making 
Metal work 
Musical instrument making 
Painting 
Panorama co~struction 
Papier-m~che work 
Plaster work 
Plastic work 
Puppet making 
Soap carving 
Sewing 
Toy making 
Weaving 
.Associated with and commonly used with these listed 
handwork activities were the following tools: 
Back saw 
Brushes 
Brayer 
Claw hammer 
Coping saw 
Crayons 
Hand drill 
Knife 
Leather tools 
Linoleum block cutting tools 
Needles 
Patterns 
Pencils 
Pliers 
Rulers 
Scissors 
Screw drivers 
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This compiled list of successfully used handwork 
activities and tools provided the initial step in the study 
of the manipulative and fine motor skills of elementary 
school children. 
Fine motor skills involved in these activities.-- A 
study of the activities, manipulative processes involved, 
and tools used revealed basic neuro-muscular patterns of 
fine motor performance. The kineseology of motion which is 
indicated and a sampling of elementary school activities 
which used the motion are as follows: 
1. Fingers and wrist movement 
a. scissors cutting 
b. crayon work, painting 
e. tools, i.e. hammer, screw driver 
2. Fingers, wrist, and arm movement 
a. soap carving 
b. block printing 
c. modeling in clay 
3. Simultaneous movement of fingers, wrist, and arm 
a. weaving, sewing 
b. marionette activity 
c. toy making, small and large scale construction 
work 
All handwork activities of the elementary school may, 
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in a similar manner, be related to these three classifications 
of fine motor skill. It is to be recognized, of course, that 
the eyes are a fundamental factor in the co-ordination of 
each of these three basic neuro-muscular patterns. 
Development of a measuring instrument.-- One of the 
main problems encountered in the development of a measuring 
instrument was the difficulty of measuring the motor skill 
involved apart from the complete manipulative activity in 
which the child participates in a school situation. It is 
obvious that detailed evaluation of the child's performance 
in the activity would be so uncontrolled and time consuming 
that objective data would be impossible to obtain. 
A satisfactory substitute necessitated the construction 
of an instrument which would duplicate as nearly as possible, 
in a controlled situation, the basic fine motor skills or 
movements re quired for participation in the actual 
manipulative activity. 
This instrument developed would have test items based 
on the kineseolpgy of motion previously described as common 
to elementary school activities, yet be capable of adminis-
tration and scoring under standardized procedures. 
Criteria for the development of test items.-- In order 
that the previously determined conditions for measuring 
fine motor performance in a control l ed. s i tu.at ion r:li bht be 
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successfully met, the following criter ia for the development 
of test items were established: 
1. The test items should measure one or more of the 
three basic neuro-muscular patterns of fine motor 
skill to be investigated. 
2. The test items should be designed to meet the 
interest of the children and to insure their best 
possible performance. 
3. The test items should have caref ully standardized 
directions for administration, be simple in terms 
of child comprehension,and provide for accurate 
scoring. 
4. The test items should offer no possibility of 
injury, nor produce undue fatigue. 
Selection of items.-- Based on the stated criteria, 
items were constructed and developed as follows: 
1. A measure of the use of fingers and wrist 
a. scissors cutting 
b. follow a path 
c. drawing an "x" 
d. pounding a peg 
e. fine hole board 
f. block-on-block 
2. A measure of the use of fingers, wrist, and arm 
a. wrap around 
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b. nuts and bolts 
c. push through 
d. placing circles 
e. washer and wing-nut 
f. round peg board 
3. A measure of the simultaneous movement .of fingers, 
wrist, and arm 
a. lacing and weaving 
Only one item was selected for the latter measure because 
the kineseology of motion involved is the same as in measures 
one and two except for the use of both hands and arms. 
1 ~ •;,; ~ ·. , 
. . . "~ 
•! l 1.• .J. _I .. 
__ ... _ ... 
. 
.iC 
, Plate 1. Photograph shows the thirteen items used 
in the measurement of fine motor skill. 
Labeling refers to numbers and letters 
used in section on Selection of items. 
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Administering and scoring items.-- Complete instructions 
for administering and scoring items will be found in the 
Appendix. To illustrate the procedure to be followed, the 
complete directions for the administration and scoring of 
the scissors cutting item are indicated on the following 
page. 
Scissors Cutting Item 
A. Equipment 
1. Scissors, piece of paper with pictured 
item 
2. Stop watch 
B. Verbal instructions 
1. "You are to cut into this paper as far 
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as the space between the two dark lines." 
Lines are indicated by tester. 
''Stay in the white space, try not to go 
into the black lines in cutting out, but 
go as fast as you can." 
2. "I'll say, 'ready, go'; start on the word 
'go' • n 
C. Scoring 
1. The score is the number of seconds 
necessary to complete the cutting of the 
circle. Deviations out of white space 
are considered errors and are used as a 
correction factor in final det er mination 
of time. 
Scoring procedure.-- With the exception of four items, 
scoring in t his instrument is based on the time in seconds 
necess ary to complete an item. The four items of scissors 
cutting, drawing an "x", follow a path, and the block-on-
block item introduce a factor of degrees of success or 
failure. In the scissors cutting and follow a path items, 
the number of devia tions out of the cutting or tracing path 
must be entered in the scoring. In the drawing an "xn and 
block-on-block item, the number of '':x: 's " placed inside a 
circle or number of blocks successf ully placed one on top 
of the other, must be entered in the scoring. 
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The need for a scoring procedure becomes apparent when 
it is recognized that some children are slower but make few 
errors while other children tend to be faster, yet n1ake 
more errors. In order to make these two factors comparable 
in the final scoring a technique is used which reduces or 
raises all scores to the mean. The time in seconds is then 
computed. This technique uses mean deviations to determine 
relationship of time and errors or time and successes and 
involves the following steps: 
1. Find mean of all subjects. 
2. Find mean number of errors or successes for all 
subjects. 
3. Find mean of deviations in time for subjects above 
and below mean. 
4. Find mean of deviations in number of errors or 
number of successes for subjects above and below 
mean. 
5. Find ratio of successes or errors occurring in 
relation to time for subjects above and below 
mean· 
6. Apply above ra~io to each subject's score to 
determine final corrected value of time to 
successes and errors. 
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Illustration of scoring procedure.-- To illustrate how 
this scoring procedure will be applied, the computations 
on the block-on-block item for nine-year old subjects are 
shown below. These steps cor respond with the numbered 
steps describ i ng the technique. 
Results 
1. Mean of all subjects ••••••••••• 25 seconds 
2. Mean number of successes for 
all subjects •.•.••.....••••..•• 12 successes 
3. Mean deviation in time for 
subjects above mean ••••....•••• 9.52 seconds 
4. Mean deviation in successes 
for subjects above mean •••••••• 1.91 successes 
5. Ratio of time to successes for 
subjects above mean •••••••••••• 1 success each 5 seconds 
6. Steps 1 
- 4 are repeated for 
subjects below mean 
7. Ratio of time to successes for 
subjects below mean •••••••••••• 1 success each 4 seconds 
APplication of scoring technique.-- The computations 
above indicate tha t it took five seconds for each successful 
placing of a block-on-a-block by a nine-year old subject who 
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was above the mean time. Also, for each subject who is 
below the mean time it takes four seconds to place a block-
on-a-block. Since the objective is to determine which 
subjects are both fast in time and exhibit the greatest 
amount of fine co-ordination as shown by their number of 
successes, application of the scoring tecb~ique for a 
corrected value is necessary. The latter is done by 
subtracting time from those subjects who are above the 
mean in successes and adding time to those subjects who 
are below the mean in successes. 
To further illustrate the scoring procedure, two nine-
year old subjects scores are shown below: 
Subject 
21 
36 
22 
31 
Block-on-Block 
Successes 
11 
14 
Corrected 
Value 
26 
21 
Subject Number 21 took 22 seconds to place 11 blocks on 
top of each other, and subject Number 36 took 31 seconds to 
place 14 blocks on top of each other. The question of which 
subject is better and his final corrected score value is 
resolved through the scoring procedure. 
Subject Number 21 is one below the mean (12) in 
successes; from the scoring procedure it is computed as 
a ratio of one success each four seconds. His corrected 
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score would therefore be 22 seconds plus the correction of 
four seconds, or a corrected value of 26 seconds. 
Subject Number 36 is two above the mean (12) in 
successes and his corrected time would be found by sub-
tracting the time for two successes above the mean or ten 
seconds. His corrected value would therefore be 21 seconds. 
This scoring procedure, when applied to the four items 
previously described as concerned with time and errors or 
time and successes, provides an accurate basis for relating 
these two variables. 
Gross motor performance.-- For further understanding 
of the gross motor performance of early age children, the 
inclusion of an item for measuring gross motor skill has 
been added to this instrument. An equally important reason 
for its inclusion in this test battery is to gather evidence 
rel ative to the degree of relationship existing in the 
performance of children in gross and fine motor skills. 
Selected for this purpose was the side-stepping test: 
Three parallel lines are drawn on the floor three 
feet apart. The subject stands astride the middle 
line. Upon the signal "go," he side-steps to the 
right until his right foot has touched across the 
line to his right. He then side-steps to the left 
until his left foot has touched across the outside 
left hand line, repeating this movement to right 
and left between the outside lines as rapidly as 
possible. The subject's score is the time it 
takes to make four trips from the center line 
to an outside line and back to the center line. 
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This is recommended by McCloy as a measure of large muscle 
11 
co-ordination. McCloy states: "This simple test has 
shown itself to be a surprisingly good one for predicting 
games and skill potentiality." Standardized procedures 
for administering and scoring as indicated in the Appendix 
are followed. 
2. Preliminary Administration 
Purpose of preliminary administration.-- In order to 
determine the difficulty of items, length of time for test 
administration, and clarity of directions, a preliminary 
try out of all items was given. Selected for this trial 
administration were thirty boys; fifteen boys in the first 
and fifteen boys in the third grade of a Salem, Massachusetts 
elementary school. Because the grade range in the final 
administration was the kindergarten through the fourth 
grade, this sampling from the first and third grades 
provided a satisfactory indication of the appropriateness 
1Jc. H. McCloy, Tests and Measurements in Health and Physical 
Education, :E' . s . Crofts and Company, New York, 1946. 
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of items from an administration point of view. 
The items administered in this trial administration 
were evaluated in the light of previously established 
criteria and resulting changes were incorporated in the 
final instrument. The final instrument contained a battery 
of thirteen items for the measurement of fine motor per-
formance and one item to measure gross motor performance 
and provide data for comparative purposes. 
3. Validity and Reliability 
Validity of instrument.-- The establishment of the 
validity of the items used in this instrument was determined 
in three ways. The first method was through a type of 
curricular or face validity, in which the validating sources 
for the handwork activities of the elementary school were 
found. These sources were elementary school curriculum 
guides, reports of state and local committees, and published 
textbooks devoted to handwork activities of the elementary 
school. This material was studied and evaluated and it 
provided the basis for the listing of handwork activities, 
tools, and materials common to elementary school programs. 
The second method followed in the validating of this 
instrument was through an empirical or operational validity. 
This type of validity is based upon a sound analysis of the 
tasks found in the activities of the elementary school and 
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the responses of children directly involved. This was 
achieved through an introspective analysis and st'udy of the 
kineseology of motion involved in the child's handling of 
tools and materials in a school activity. This analysis 
clearly indicated the basic neuro-muscular patterns used 
by children in performing fine motor skills. The test 
items were then constructed, following exactly the 
kineseology of motion previously determined, but made 
adaptable to a controlled testing situation. 
The third validating procedure was through the 
establishment of a statistical relationship between success 
on this instrument and the teachers' judgement of pupil 
success in handwork activities of the classroom. Twenty 
boys in the first grade and twenty boys in the third grade 
were ranked in order of their success on this instrument and 
a comparison was made with their teachers' judgement of 
their ability to handle tools and materials in the classroom. 
A validity coefficient showing the degree of relationship 
between test success and teachers' judgement of handwork 
ability was then determined through the application of the 
Spearman rank order formula. 
Reliability of instrument.-- The reliabi~ ity of this 
instrument was determined by the test-retest method. 
This test was administered to twenty-five children 
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six, seven, eight, and nine years of age and one week later 
was readministered to these same subjects under test pro-
cedures and conditions that were identical for both admin-
istrations. The Pearson product-moment method of computing 
a coefficient of correlation was applied to the results of 
the test-retest administration to ascertain reliability of 
this instrument. 
1/ 
Anastasi- points out that the test-retest method appears 
to be the best method of determining reliability of tests of 
sensory discrimination and motor ability. She feels these 
tests are not appreciably affected by repetition. To 
determine whether this instrument for measuring fine motor 
skill is consistent or inconsistent with the view held by 
Anastasi, a comparison of the means and standard deviations 
on performance one and two will be made. A critical ratio 
was computed to determine the difference in group scores 
for the two performances. 
Another method employed for determining test reliability 
was based upon the consistency of the subjects' responses to 
all items in the test. The procedure used to find this inter-
item consistency was that developed by Kuder and Richardson 
and stresses the intercorrelations of the items in the test 
and the correlations of the items with the test as a whole. 
1/A. Anastasi, Psychological Testing, The Macmillan Company, 
New York, 1954. 
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Final administration.-- This instrument is an individual 
performance test which can be administered in thirty-five 
to fifty-five minutes. The two hundred administrations 
were made by the writer under standardized testing conditions. 
Two hundred boys of the public schools of the city of 
Salem and the town of Swan~scott, Massachusetts were selected 
for the administration of this instrument. The city of Salem 
represents an industrialized community of forty-five thousand 
in population. Swampscott is a residential town of twelve 
thousand in population. 
The two hundred boys selected were further subdivided 
by age into four groups of fifty. Each sub-group represented 
the specific ages of six, seven, eight, and nine years plus 
or minus one month of each of these age categories. 
The data for this experiment were gathered during the 
Fall of 1955 and the Winter of 1956. A total of ten 
elementary schools in both communities were visited in 
the testing program. 
The birth date of each boy and his intelligence test 
data were secured from his cumula.tive record. In the cases 
of sixteen boys, for whom no intelligence test scores were 
available, the Kuhlman-Anderson intelligence test was 
administered by the writer. Height and weight measurements 
on each subject were secured by the writer at the time of 
test administration. 
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The attitude of the subjects toward the experiment 
was one of excellent cooperation, a high degree of curiosity 
in regard to the working of the various items, and a great 
deal of interest in attaining high performance. 
Analysis of data.-- In analyzing the data compiled, 
the first step was the computation of means and standard 
deviations of physical gro~rlh, intelligence, and of fine 
and gross motor performance. 
Correlations between fine motor performance and 
measures of physical growth, intelligence, and gross motor 
performance were computed. 
Critical ratios at the · one per cent level of confidence 
were computed for the total test scores and for each of the 
separate test items between six and seven year old groups, 
seven and eight year old groups, eight andnine year old 
groups, and seven and nine year old groups. 
CHAPTER IV 
ANALYSIS AND INTERPRETATION OF DATA 
Administration of preliminary instrument.-- Since all 
of the questions in this study depend upon the instrument 
used in the measure of fine motor performance, it is necessary 
to establish the validity and reliability of that measure at 
the outset of the study. 
The validating procedure followed was through the 
establishment of a statistical relationship between the 
teachers' judgement of pupil success in handwork activities 
of the classroom and success on this instrument. Twenty 
boys in the first grade and twenty boys in the third grade 
were ranked according to their teachers' judgement of their 
ability to handle tools and materials in the classroom and 
a comparison was made with their rank in their success on 
this instrument. A validity coefficient showing the degree 
of this relationship was then statistically determined 
through the applrcation of the Spearman rank order formula. 
The coefficient of correlation found by the Spearman 
rank method be tween teachers' judgement and fine motor per-
formance test score of twenty first-grade boys was p : .814. 
The coefficient of correlation found between the third-grade 
teachers' judgement and the fine motor test performance of 
- 44--
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twenty third-grade boys was p = .631. 
The higher coefficient of correlation for the twenty 
boys in the first grade may be attributable to the greater 
opportunity provided by the curriculum for pupils in the 
first grade to work with their hands. This would enable 
the first grade teacher to make a more valid judgement of 
pupil ability in fine motor skill activities. 
Reliability of instrument.-- The reliability of this 
measure of fine motor performance was determined by the 
test-retest method. 
The test was administered to twenty-five children six, 
seven, eight, and nine years of age and one week later was 
re-administered to these same subjects under test procedures 
and conditions that were identical for both administrations. 
The Pearson product-moment correla tion method for computing 
reliability was obtained from the results of this adminis-
tration. The correlation computed was r = .919. 
Table 1. Correlation of Scores on Test-Retest 
Administration of •rest of Fine M:otor 
Performance 
.Number Correlation Standard ·Error 
o'f Correlation 
co l2) \3) 
50 ••••••••• r = .919 ~ = .031 
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The correlation of . 919 on the test- retest adm.inistra-
tion is indicative of a high relationship between scores 
received on the first and second administration of this test 
of fine motor performance. This correlation thus provides 
strong evidence of the high reliability of this i nstrument. 
Distribution of scores for the four age groups . - - The 
pattern of scores into which boys six, seven , eight, and 
nine years of age fall is illustrated by Figure 1. 
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Figure 1. Frequency Polygon of Total Fine Motor 
Performance Test Scores for Boys Six, 
Seven·, Eight, and Nine Years of Age. 
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The total test performance scores for the four age groups 
are shown super-imposed on the frequency polygon in Figure 1. 
The vertical scale indicates fre quencies in units of one; the 
horizontal scale shows intervals of time in units of 50 seconds. 
Scores at the left side of the frequency polygon are indicative 
of less time or more rapid performance. Figure 1, shows that 
the nine year old age group extends along the horizontal time 
scale from 550 seconds to 1000 seconds in performance time, 
while the six year old age group extends from 900 seconds to 
1750 seconds in performance time. 
Figure 1, graphically portrays the superior performance, 
greater homogeneity and progressive improvement made by each 
older age group in this test of fine motor performance. 
Comparison of different age groups in total test 
results.-- The following tables show a comparison of the 
fine motor t est performance of the different age groups. 
Comparison is shown for age groups six and seven, seven 
and eight, and eight and nine years of age. 
Table 2. Comparison of the Fine Motor Performance 
Test Scores of 50 Boys Six and Seven 
Years of Age 
.l'ige Group No. Mean S.D. Diff. S.E • C.R. 
m-m Diff. { 1) { 2 J { 3 J { 4J { 5) l b J 17_2 
6 years ••• 50 1144 205.5 273 35.2 7.75 7 years ••• 50 971 141.3 
. 
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The critical ratio of the difference between the mean 
scores of six year old boys and seven year old boys is 
7.75. This difference is significant at the one per cent 
(. 01) level in favor of the older age group. 
Table 3. Comparison of the Fine Motor Performance 
Test Score of 50 Boys Seven and Eight 
Years of Age 
Age Group No. Mean S.D. Diff. B.E. C.R. m-m Diff. 
.ll) t 2_) _L3J { 4J { 5 ) l b) {71 
7 years ••• 50 971 141.3 164 25.7 6.38 8 years ••• 50 807 114.9 
The critical ratio of the difference between the mean 
scores of seven year old boys and eight year old boys is 
6.)8. This difference is significant at the one per cent 
(.01) level in favor of the older age group. 
Table 4· Comparison of the Fine Motor Performance 
Test Score of 50 Boys Eight and Nine 
Years of Age 
Diff. S.E. 
Age Group No. Mean S.D. m-m Diff. C.R. 
ll) l2} l3J l4J l5} l b} l7J 
8 years ••• 50 807 114.9 63 20.8 3-03 
9 years ••• 50 744 92.3 
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The critical ratio of the difference between the mean 
scores of eight year old boys and nine year old boys is 
J.OJ. This difference is significant at the one per cent 
(.01) level in favor of the older age group. 
The critical ratio of the difference between the total 
mean scores of these four age groups tested are all 
significant at the one per cent (.01) level in favor of 
the older age group. The consistent superiority of the 
older age group supports and strengthens the validity of 
this instrument in terms of an age criterion. It is also 
indicative of a high degree of validity of individual test 
items. 
1. Item Analysis 
Measures of central tendency and variability of fine 
motor performance.-- In the evaluation of this instrument 
as a measure of fine motor performance, one of the first 
steps was to statistically analyze the individual items 
in the test and to make a comparison between the various 
age groups tested. Table 5 shows the mean scores and 
standard deviations of these scores for six, seven, eight, 
and nine year old boys. 
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Table 5. Central Tendency and Variability of Fine 
Motor Performance of Boys Six, Seven, 
Eight, and Nine Years of Age. 
6 years 7 years 8 years 9 years 
Test Item N•50 N•50 N•50 N=50 
Mean ·ls.D. Mean -,S.D. :Mean ·1 s .D. Mean ·ls.D. 
ll J {2 l3 J4 l5 
Scissors I Cutting ••• 91.3 39-3 88.4 40.0 70.6 17.7 59.9 124.7 Follow A 
Path •••••• 111.2 37.1 92.0 28.8 71.5 18.6 64.1 17.5 
Drawing An 
uxn ••••••• 171.1 28.3 144.0 32.0 121.1 34.0 107.6 29.5 
Wrap 
Around ••• o 27.6 11.0 23.1 9.8 17.3 5.6 14.4 5.8 
Push 
Through ••• 71.7 13.0 60.2 10.0 53.6 8.3 50.3 8.9 
Nuts and 
Bolts ••••• 136.0 22.5 123.0 22.9 107.6 17.3 98.7 18.0 
Placing 
Circles ••• 44.2 8.0 39.2 6.3 32.2 6.7 32.0 7.3 
Lacing •••••• 51.4 7.0 44-7 9.5 38.5 10.2 35.8 11.9 
Washer and 
Wing Nut •• 193.7 43.7 165.2 38.7 135.6 34-3 128.4 33.2 
Pounding .A 
Peg .•....• 42.5 20.1 30.4 14.6 23.9 14.2 19.6 11.4 
Fine Hole 
Board ••••• 65.3 11.0 58.6 13.2 50.3 7.0 48.5 6.2 
Round Peg l 
Board •.••• 83.7 18.6 73.8 13.1 62.6 10.0 59.6 7-4 
Block on 
Block ••••• 30.6 8.3 28.9 9-3 24.8 7.6 24.7 7.6 
Table 5 indicates the measures of central tendency and 
variability for six, seven, eight , and nine year old boys. 
Results show smaller means and smaller standard deviations 
for each successively older age group. It is thus evident 
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from the smaller mean that the older a boy is, the faster 
he is able to perform this test of fine motor performance. 
The smaller standard deviation for each older group is 
indicative of greater homogeneity for that age and less 
spread in tot al test performance scores. This is further 
substantiating evidence of the validity of the instrument 
in terms of an age criterion. 
Grov~h curves for each item of fine motor performance.--
An indication of the discriminating value of each item in 
the total test of fine motor performance is graphically 
shown by the following grovrth curves. The vertical line of 
the figure represents mean time for each age group in units 
of 10 seconds, the horizontal line represents age groups in 
units of one year. 
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Figure 4. Growth Curve of Six, Seven, Eight, and 
Nine Year Old Boys in Drawing .An "x" 
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Figure 5. Growth Curve of Six, Seven, Eight, and 
Nine Year Old Boys in Wrap Around Item 
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Figure 6. Growth Curve of Six, Seven, Eight, and 
Nine Year Old Boys in Push Through Item. 
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Figure 7. Growth Curve of Six, Seven, Eight, and 
Nine Ye ar Old Boys in Nuts and Bolts 
Item 
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Nine Year Old Boys in Lacing Item 
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Figure 10. Growth Curve of Six, Seven, Eight, and 
Nine Year Old Boys in Washer and Wing 
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Figure 11. Grovvth Curve of Six, Seven, Eight, and 
Nine Year Old Boys in Pounding A Peg 
Item 
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Figure 12. Growth Curve of Six, Seven, Eight, and 
Nine Year Old Boys in Fine Hole Board 
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Figure 13. Growth Curve of Six, Seven, Eight, and 
Nine Year old Boys in Round Peg Board 
Item 
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Figure 14. Growth Curve of Six , Seven, Ei&ht, and 
Nine Year Old Boys in Block-on-Block 
Item 
Summarization of growth curve results.-- The growth 
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curves of the items in this test of fine motor performance 
present a graphic picture of the progressive i mp rovement 
made by dif f erent age groups. Each curve indicates the 
mor e successful, in this case more rapid, performance 
achieved at each successive age level. 
Some items , particularly the Follow A Path, Drawing 
An "x", Nuts and Bolts, and Washer and Wing Nut items, 
appear to discriminate sharply. The growth curves for 
the other items, and particularly the Block-on-Block item 
depicts a much slower progression in scor i ng time. 
In general the growth curves indicate the sharpest 
difference in curve dip be t ween t h e seven and eight year 
old age levels. The flatest grovrth curve, or the least 
difference in the mean success of fine motor performance, 
appears between the eight and nine year old age levels. 
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Further analysis of the individual items will be made 
through a statistical comparison of the mean performance 
for each age group to determine if these differences are 
significant. 
Comparison of different age groups in the items of fine 
motor performance.-- The following tables show a comparison 
between age groups six and seven, seven and eight, eight and 
nine, and seven and nine on the items of fine motor perform-
ance. Items which are not significant at the one per cent 
( .01) level between age groups have been identified by an · 
asterisk . 
Table 6. Comparison of the Fine Motor Performance of 
50 Boys Six and Seven Years of Age on 
Individual Test Items 
Test Item Age Mean S.D. Diff. s.-E. Groups m-m Diff. 
( 1) ( 2} ( 31 _l4J l5} _l2) 
Scissors 6 91.3 39.3 2.9 7-9 Cutting ••••• 7 88.4 40.0 
Follow A 6 111.2 37.1 9.2 6.6 Path •••••••• 7 92.0 28.8 
Drawing An 6 171.1 28.3 27.1 6.0 
"x" . ........ 7 144.0 32.0 
Wrap Around ••• 6 27.6 11.0 4.5 2.1 7 23.1 9.8 
Push 6 71.7 13.0 11.5 2.2 Through ••••• 7 60.2 10.0 
Nuts and 6 136.0 22.5 13.0 4·5 Bolts ••••••• 7 123.0 22.9 
Placing 6 44.2 8.0 5.0 1.7 Circles ••••• 7 39.2 6.3 
Lacing •••••••• 6 51;4 7.9 6.7 1.6 7 44.7 9.5 
Washer and 6 193.7 43.7 28.5 8.3 Wing Nut •••• 7 165.2 38.7 
Pounding A 6 42.5 20.1 12.1 3.4 Peg ... ...... 7 30.4 14.6 
Fine Hole 6 65.:? 11.0 6.7 2.4 Board •.••••• 7 58.6 13.2 
Round Peg 6 83.7 18.6 9.9 3.2 Board ••••••• 7 73.8 13.1 
Block on b 30.6 8.3 1.7 1.7 Block ••••••• 7 28.9 9.3 
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C.R. 
l 7 J 
.3 6* 
1.39* 
4.51 
2.14* 
5.22 
2.88 
2.94 
3 ·94 
3.43 
3.55 
2.79 
3.09 
1.00* 
. . . ~Items wh1ch are not s1gn1f1cant at the one per cent (.01} 
level. 
A comparison of six and seven year old boys on the 
individual test items of fine motor performance indic ates 
that with the exception of, t he Scissors Cutting, Follow 
A Path, Wrap Around, and Block-on-Block items, all test 
items did discriminate between these age groups. 
Table 7. Comparison of the Fine Motor Performance of 
50 Boys Seven and Eight Years of Age on 
Individual Test Items 
Test Item Age Mean S.D. Diff. S.E. Groups m-m Diff. 
_{_1} l2} l3J l4J . (5} (6) 
Scissors 7 88.4 40.0 7.8 6.1 Cutting ••••• 8 70.6 17.7 
JI'ollow A 7 92.0 28.8 19.5 4.8 Path •••••••• 8 71-5 18.6 
Drawing An 7 144.0 32.0 22.9 6.6 
"x" ••••••••• 8 121.1 34.0 
Wrap 7 23.1 9.8 5.8 1.6 Around •••••• 8 17.3 5.6 
Push 7 60.2 10.0 6.6 1.8 Through ••••• 8 53.6 8.3 
Nuts and 7 123.0 22.9 15.4 4.0 Bolts •••.••• 8 107.6 17.3 
Placing 7 39.2 6.3 7.0 1.2 Circles ••••• 8 32.2 6.7 
Lacing •••••••• 7 44.7 9.5 6.2 1.9 8 38.5 10.2 
Washer and 7 165.2 38.7 29.6 7-3 Wing Nut •••• 8 135.6 34.3 
Pounding A 7 30.4 14.6 6.5 4.0 Peg •. ••••••• 8 23.9 14.2 
Fine Hole 7 58.6 13.2 8.3 2.1 Board •.••••• 8 50.3 7.0 
Round Peg 7 73.8 13.1 11.2 2.2 Board ••.•••• 8 62.6 10.0 
Block on 7 28.9 9.3 4.1 1.7 Block ••••••• 8 24.8 7.6 
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C.R. 
(7} 
1.27 
4.06 
3.46 
3.62 
3.66 
3.85 
5.83 
3.26 
4.05 
1.62 
3.95 
5.09 
2.41 
~Items which are not significant at the one per cent l.Ol) 
level. 
A comparison of seven and eight year old boys on the 
individual test items of fine motor performance indicates 
that with the exception of, the Scissors Cutting , Pounding 
A Peg and Block-on-Block items, all test items did 
discriminate between these age groups. 
* 
* 
* 
Table 8. Comparison of the Fine Motor Performance 
of 50 Boys Eight and Nine Years of Age 
on Individual Test Items 
Test Item Age :Mean S.D. Diff. S.:E. Groups m-m Diff. 
{1) { 2) {3) { 4) { 5) {b) 
Scissors 8 70.6 17.7 10.7 4·3 Cutting ••••• • 9 59.9 24.7 
Follow A 8 71.5 l8.b 7.4 2.6 Path ... ...... 9 64.1 17.5 
Drawing An 8 121.1 34.0 13.5 6.3 
"x1r •••••••••• 9 107.6 29.5 
Wrap 8 17.3 5.6 2.9 1.1 Around •••••••• 9 14.4 5.8 
Push 8 53.b 8.3 3.3 1.6 Through •••••• · 9 50.3_ 8.9 
Nuts and 8 107.6 17.3 8.9 3.4 Bolts ••••••••• 9 98.7 18.0 
Placing 8 32.2 6.7 
.2 1.3 Circles ••••••• 9 32.0 7-3 
Lacing •••••••••• 8 38.5 10.2 2.7 2.2 9 35.8 11.9 
Washer and 8 135.6 34.3 7.2 6.7 Wing Nut •••••• 9 128.4 33.2 
Pounding A 8 23.9 14.2 4.3 2.5 Peg . .........• 9 19.6 11.4 
Fine Hole 8 50.3 7.0 1.8 1.2 Board •..•••••• 9 48.5 6.2 
Round Peg 8 62.6 10.0 3.0 1.7 Board . ........ 9 59.6 7-4 
Block on 8 24.8 7.6 
.1 1.5 Block •••.••••• 9 24.7 7.6 
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( 7) 
2.48* 
2.84 
2.14* 
2.63 
2.06* 
2.61 
.153 
1.22* 
1.07* 
1.72* 
1.50* 
1.76* 
.66* 
*Items which are not significant at the one per cent (.01) 
level. 
A comparison of eight and nine year old boys on the 
individual test items of fine motor performance indicates 
that the test items had the least discriminating value with 
this age group. The Follow A Path, Wrap Around, and Nuts 
and Bolts items were the only items significant at the one 
per cent {.01) level. 
* 
Table 9. Comparison of the Fine Motor Performance 
of 50 Boys Seven and Nine Years of Age 
on Individual Test Items 
Test Item Age Mean S.D. Diff. S.E. Groups m-m Diff. {1) {2} { 3) 14) 151 _L~_ 
Scissors 7 S8.4 40.0 2S.5 6.6 Cutting ••••• 9 59·9 24.7 
Follow A 7 92.0 2S.S 27.9 3.6 Path • ......• 9 64.1 17.5 
Drawing .An 7 144.0 32.0 36.4 6.1 
"x" ......... 9 107.6 29.5 
Vvrap 7 23.1 9.S l 
Around ••••.• 9 14.4 5.8 8.7 1.6 
Push 7 b0.2 10.0 9.9 1.9 Through. o o •• 9 50.3 S.9 
Nuts and 7 123.0 22.9 24.3 4.0 Bolts ••••.•• 9 98.7 18.0 
Placing 7 39.2 6.3 7-2 1.3 Circles ••.•• 9 32.0 7.3 
Lacing ••••.••• 7 44.7 9.5 8.9 2.1 9 35.8 11.9 
Washer and 7 lb5.2 38.7 36.8 7.2 Wing Nut •••• 9 128.4 33.2 
Pounding A 7 30.4 14.b 2.6 Peg ... ...... 9 19.6 11.4: 10.8 
Fine Hole 7 5S.6 13.2 10.1 2.1 Board ••••••• 9 48.5 6.2 
Round Peg 7 73.8 13.1 14.2 2.0 Board ••..••• 9 59.6 7.4 
Block on 7 28.9 9.3 4.2 1.7 Block ••••••• 9 24.7 7.6 
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J71 
4.31 
7-75 
5.96 
5-43 
5.21 
6.07 
5.53 
4-23 
5.11 
4.15 
4.80 
7.10 
2.47* 
"'!" ' . . . Items wh1ch are not s1gn1f1cant at the one per cent {.01) 
level. 
Tables 6, 7, 8, and 9, show a comparison of the fine 
motor pe:rformance of different age groups on the individual 
test items. Items which are not significant at the one per 
cent (.01) level are indicated by an asterisk. It is 
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evident that the test items discriminated most successfully 
between the seven and eight year old age groups, and least 
successfully between the eight and nine year old age groups. 
The Scissors Cutting item and Block-on-Block item 
failed to discriminate at the six and seven, seven and eight, 
and eight and nine year levels. However, all items did dis-
criminate, with the exception of the Block-on-Block item, 
when critical ratios were computed with a two-year age span. 
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2. Correlations 
Intercorrelations of items and correlation of items 
with total test.-- Table 10 shows the intercorrelations of 
the thirteen items of fine motor performance and the cor-
relation of these items with thetotal test score. 
Selected as representative of the 200 boys tested were 
the 50 eight year old boys. The eight year old group was 
selected because it represented approximately the middle 
age range of the age group tested. It was also representa-
tive of the age which, when the test was compared with nine 
year old boys showed the least amount of item discrimination, 
and when compared with seven year old boys showed the 
greatest amount of discrimination. 
Table 10 indicates a wide range of coefficients. For 
example, the coefficient between Drawing An "x" item and 
the Block-on-Block item is .004, while the coefficient 
between the Round Peg Board item and the Placing Circles 
item is .790. 
The Block-on-Block item appears to show the lowest 
coefficient of correlation with the other items of this 
test; while the Washer and Wing Nut item shows the largest 
coefficient of correlation vvi th the sub-tests. 
Correlations in Table 10 indicate that the test items 
appear to be measuring discrete functions and also to be 
Table 10. Intercorrelation of Items and Correlation of Items with Total 
Test of 50 Eight Year Old Boys in Measure of Fine Motor 
Performance 
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( 1) (2) (3) ( 4) ( 5) (6) TtY ( 8) ( 9) (10) (111 {12) {131 
Total Test .•••• .509 .654 .586 .506 .498 .576 .449 .610 .661 .367 .611 .594 
Block on Block. .125 .010 .004 .032 .057 .089 .217 .127 .266 .110 .341 .413 
Round Peg Board .189 .292 .336 .282 .437 .217 .790 .348 .400 .173 .493 
Fine Hole Board .099 .279 .328 .218 .295 .223 .255 -359 .496 .214 
Pounding A Peg. .028 .093 .152 .276 .207 .289 .472 .162 .157 
Washer and 
Wing Nut ••••• .030 .446 .141 .278 .231 .365 .189 .454 
Lacing •••.•.•.• .158 .349 .173 .503 .337 .162 .261 
Placing Circles • 080 .149 .074 .195 .328 .221 
Nuts and Bolts. .409 .345 .269 .623 .155 
Push Through ••• .392 ';'021 -:597 .205 
Wrap Around • • • • • 283 .394 .224 
Drawing An "x" • • 177 .396 
Follow A Path •• • 271 
cl 
0 
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00 
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contributing in a marked but not high degree to the total 
t est score. None of the items in this instr~ent appe ars 
to be global in nature. As might be expected, the cor-
relations of the sub-tests with the total score are higher 
than those between the sub-tests. 
3. Other Variables 
Measures of central tendency and variabilit;y_of 
i ntelligence and phy sical growth.-- Table 11, shows the 
means and standard deviations of 200 six, seven, eight, 
and nine year old boys relative to their heights, weights 
and intelligence. 
Table 11. Central Tendency and Variability of 
Height, Weight and Intelligence of Boys 
Six, Seven, Eight, and Nine Years of Age 
-
-6 years 7 years 8 years 9 years 
Measure N=5.0 N=)O N=?O N=)o 
Mean 'IS.D. Mean S.D. Mean S.D. Mean S.D 
{1) {2J J.3 {4 (5 
Height ••••• 50.6 1 7.7 53.9 9.6 61.7 11.3 68.1 14. 
Weight ••••• 48.6 3.7 50.8 2.8 53.8 3. 
Intelligence 461.1.3.0 110.4 11.1 107.3 11.2 114.0 9.0 109.2 15. 
Table 11, indicates that in the measures of physical 
growth a normal progressive increase in height and weight 
takes place from the six ye ar old to the nine year old 
group. The intelligence of the 200 boys is above what is 
• 
1 
7 
7 
considered the norm for the national population. Variability 
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of height, weight, and intelligence is greatest at the 
nine year age level. Variability in the weight of boys is 
considerably less for all ages than it is for the height. 
Correlations between total test of fine motor 
performance and intelligence, height, wei ght and gross 
motor control.-- Table 12 shows the relationship, based 
on Pearson product-moment correlation method, between fine 
motor performance test scores and variables such as 
intelligence, physical growth, and gross motor performance. 
Table 12. Correlations Between Fine Motor Performance 
Test Scores and Intelligence, Physical Growth, 
and Gross Motor Performance of Six, Seven, 
Eight, and Nine Year Old Boys 
Measure 6 Jears 7 years 8 years 9 years N=50 N=50 N=50 N=50 
(1) (2) {3) { 4) l5J 
Intelligence .•..•••• .183 .217 -.161 
-.443 
Height .. ............ .076 .055 .119 -.045 
\Veight •. ...........• .057 .009 .030 -.007 
Side Stepping Test •• .176 .377 .266 .230 
-
Table 12 indicates that this test is not related to the 
intellectual or physical growth factors considered here. 
The highest positive relationships are with the Side 
Stepping test, which is a measure of gross motor develop-
ment. 
The highest coefficient is that between fine motor 
performance and intelligence. r = -.443 
The appearance of negative correl ations, indic ating 
an inverse rel ationship between variables, at the upper 
l evels bet ween fine motor performance and intelligence may 
be explained by the fact tha t intelligence testing has 
increasingly emphas i zed verbal meas ur es. Only at the infant 
and pre school level s does the intelligence te s t include an 
emphas is on performance or motor type ability. It is also 
true that there is less opportunity provided by the curricu-
l um of the upper grades of the element ary school for children 
to use and develop motor skills. 
Mea s ures of central t endency and vaT' iabilit y of gross 
motor performance .-- The measure used to test for gross 
motor performance was t he Side St~pping test. Table 13 
shows the r es ults of this t est. Figures shown in these 
t ables indic ate performance time in seconds. 
Table 13. Central Tendency and Variability of Gross 
I\I otor Performance of Boys Six, Seven, Ei ght, 
and Nine Years of Age 
- D years 7 ye ars 8 years 9 years 
Me asure N=50 N=50 N=50 N=50 
Mean JS.D. Mean I S.D . Mean JS .D. Mean JS.D 
J .LJ t ~ J tJ l [J. l5 
Side Step-
19.0 ;Eing Test ••• 45.2 42.2 9.8 36.3 10.3 31.7 7.2 
• 
Table 13 indicates t h e superiority of the nine year old 
age group in the Side Stepping test. Each age group is 
progressively superior to the younger age group. The nine 
year old age group showed the greatest amount of homo-
geneity and the eight year old the least amount of homo-
geneity. 
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Comparison of different age groups in measure of gross 
motor performance.-- The following tables show a comparison 
of the different age groups in the Side Stepping test. 
Table 14. Comparison of the Gross Motor Performance 
Scores of 50 Boys Six and Seven Years of 
.Age 
I Diff. S . E. Age Group No. :Mean S.D. m- m Diff. C. R. { 1 J .{2)_ l3f 14J J.5l (_6) {7J 
6 years ••• 50 45.2 9.0 3.0 1.9 1.57 
7 years ••• 50 42.2 9.8 
The critical ratio of t he difference betv1een the mean 
scores of six and seven year old boys is 1.57. This 
difference is not significant at t he one per cent (.01) 
level. 
Table 15. Comparison of the Gross Motor Performance 
Scores of 50 Boys Seven and Ei ght Years 
of Age 
. 
Age Group jNo. I;..1ean S.D. Diff. S.E. C. R. 
m- m Diff. 
~ 1 J 
-
t 2) -rn=_ j_4J ( 5) 
.121 171 
7 years •.• 50 42.2 9.8 5.9 1.9 3.10 8 years ••• 50 36.3 10.3 
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The critic al ratio of the difference between t he mean 
scores of seven and eight year old boys, as shown by Table 
15, is 3.10. This difference is significant at the one 
per cent (.01) level in favor of the older age group. 
Table 16. Comparison of the Gross Motor Performance 
Scores of 50 Boys Ei ght and Nine Years of 
.Age 
.Age Group No. Mean S.D. Diff • S.E. C.R. 
m-m Diff. 
{1) {2) {3) { 4) { 5) { 6) {7) 
8 years ••• 50 36.3 10.3 4.6 1.7 2.7 9 years •.• 50 31.7 7.2 
The critical ratio of the difference between the mean 
scores of eight and nine year old boys, as shown by Table 
16, is 2.70. This difference is significant at t he one 
per cent (.01) level in f avor of the older age group. 
Table 17. Comparison of the Gross Motor Performance 
Scores of 50 Boys Seven and Nine Ye ars of 
.Age 
.Age Group No. Mean S.D. Diff. S.E • O. R. 
m-m Diff. {1) ( 2) (3) { 4) ( 5) {b) { 7) 
7 years ••• 50 42.2 9.8 10.5 1.4 7.50 9 years ••• 50 31.7 7.2 
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The critical ratio of the difference between the mean 
scores of seven and nine year old boys, as shown by Table 
17, is 7.50. This difference is significant at the one 
per cent (.01) level in favor of the older age group. 
The critical ratios of the difference between the mean 
in the Side Stepping test for the age groups tested indicates 
that only for the age group between six and seven is the item 
not significant at the one per cent (.01) level. This 
measure of gross motor performance appears to have greater 
validity at the upper age levels. The critical ratio based 
on a two-year span, as shown in Table 17, is indicative of 
a very hi~1 level of significance. 
CHAPTER V 
sm~~RY AND CONCLUSIONS 
Summary of study.-- The purpose of this study was to 
identify and measure the manipulative sk ills of e arly age 
children -- specifically, boys six, seven, eight, and nine 
years of age . Also to be i nvestigated was the relationship 
of these manipul ative sk ills to such variables as gross 
motor development , measures of phy sical growth such as 
height and wei ght, and intelligence. 
The identity of the manipulative ·s kills of these early 
a ge children was ascert ained through a lengthy observation 
of the fine motor performance involved in the classroom 
activities of first, second, and t h ird grade children. 
Further reference was made to r esearch and CLlrriculum 
studies to corr oborate and supplement this developed list 
of t he common handwork activities of the element ary school. 
study of these activities, manipulative processes 
involved, and tools used revealed basic neuro-muscular 
patt erns of fine motor perfoTinance. The k ineseology of 
motion in t he above patterns was found to be t he use of 
the eyes in co-ordination with the fin ger s and wrist; fingers, 
wrist and a~~; and the simultaneous movement of the fingers, 
wrist, a11d arm. 
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The obvious imposs ibility of obtaining a valid and 
reliable measure of these basic motor skills or movement s in 
a school situation, necessitated the development of an in-
strument which would duplicate as nearly as possible, in a 
controlled situation, the k ineseology of motion describ ed , yet 
be capable of administration and scoring under standardized 
procedures. 
A criteri on was established for the development of a 
test, and thirteen items were construct ed which wou~d measure 
the fine motor performance of early age school children. A 
preliminary administration of the instrument to a group of 
first and third grade children revealed necessary change s in 
item construction, scoring, and item administration . 
The final instrument was administered to 200 boys 
fifty in each category of six, seven, eight, and nine years 
of age, and within plus or minus one month of their birth-
days. Ten schools in the two cor~1unities of Salem and 
Swam~psc ott, Mas sachusetts were used in this final ailininis-
tration. 
Conclusions.-- The findings and conclusions of this 
study are presented below: 
1. Reliability of this test vms found to be very high, 
as determined by test-retest method. 
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2. Validation based on first and t h ird gr ade teachers' 
estimate of pupils' fine motor abilities and these 
s ame pupils' succes ses on this test of fine motor 
performance was found to be high at the first grade 
level, but slightly lower at the third grade level. 
3 . .A significant difference between the total t est 
performance of six and seven, seven and e i g1t , and 
eight and nine year old boys in f avor of the olde r 
age group was noted in the measm~ing of fine motor 
skills. 
4. A signific ant difference bet we en the performance 
of six and seven, seven and eight, and eight and 
nine year old boys in favol' of the older age group 
was not ed in the measLlring of gros s mo tor s kills. 
5. Intercorre l at i on coefficients of items of fine motor 
performance covered a moderately wide range, vrith 
no one item appe aring to be global in nature. 
6 . Correlation between fine motor performance and 
physical grovrth variables of he i ght and weight 
i ndi cated the relationship to be low and positive 
f'or all age groups. 
7. Correlation between fine motor performance and 
intelligence of six and seven , arid seven and eight 
year old boys was found to be low and positive. 
Relation between these two variables for eight 
and nine year old boys was found to be low and 
negative. 
8. Correlation between this test of fine motor 
performance and a measure of gross motor skill 
was found to be positive and low for all age 
groups tested. 
1. Limitations of Study 
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This study although restrictive in scope does provide 
conclusions whi ch are pertinent to the problems of fine 
motor performance of early age children. However, in the 
course of this study the following limitat ions were evident: 
1. This instrument, with a slight change in administra-
tion and scoring procedures, could be converted to 
a group test of fine motor performance. The scope 
of the testing population could, then, be greatly 
enlarged. 
2. The community from which the majority of pupils were 
t est ed is l argel y i nd ustrial in nature. It might be 
profitable to repeat a similar study with a wider 
sampling of the socio-economic population. 
J. The problem of scoring four of the items in t his 
test of fine motor performance offered some 
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difficulty. The technique us ed fo r measuring motor 
skill is largely based on a time factor. When the 
factor of errors in a given item is introduced, the 
scoring of this relationship of time to errors 
become s difficult. This difficulty mi ght be con-
siderably reduced by having all items ba sed on time 
alone or by changing item scoring to a pass or fail 
basis. 
4. One of the variables used in this study was physical 
growth, h aving separate components of height and 
"~Height. .Another i mportan·t contrib ution to the study 
of child development might be possible if this data 
were used together in a device of the nature of the 
Wetzel Grid. 
2. Recommendations for Further Research 
The following recommendations are made relative to 
further study in the area of fine motor performance. 
1 . This study vms limited to boys six, seven, eight, 
and nine years of age. Increasing the age range to 
include kindergarten children and fifth and sixth 
graders vwuld p1·ovide more extensive information 
relative to the handwork abilities of elementary 
school ch ildren . 
2. The inclusion of elementary school girls in the 
testing popul ation would provide pertinent in-
formation reletive to sex differences in fine 
motor skills. 
3. Further study is necessary in the area of fine 
motor performance of pre- school and kindergarten 
children with its i mplication for further school 
success. 
iJ.. There appears to be a need for a study of the 
r el a tionship of fine motor performance and the 
placement of handwork activities in the school 
curric ulum. 
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5. Success in the test of fine motor performance and 
its relationship with pre-school mani p ul ative 
experiences or such factors as hobbies or home 
workshop mi ght provide valuable information for 
determining t ypes of handwork activities best 
suited for our· curricullllns. 
6. The use of this instrument as a predictive devic e 
in educ ational and vocational guidance seems to 
merit exploration. At an earli er age l evel its 
value as a guidance tool in identifying chil dren 
with fine motor handicaps appears to warrant 
further study. 
APPENDICES 
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SCORE SHEET 
---I ND I VI DUAL RECORD BLAI~{ 
Name ____________________ _ I.Q. Test and score 
---- --
Date of Birth 
-----------
Language Score ______________ _ 
Age 
----------------------
Non-Language Score 
-------
School Handedness 
-------------------- ------------------
Grade 
---------------------
Height ____ _ Weight ___ _ 
ITEM Tll!IE OBSERV .A TI ONS 
{1) (2) {3) 
Scissors Cutting 
Follow A Path 
Drawing .An "X" 
Wrap .Around 
Nuts and Bolts 
Push Through 
Placing Circles 
Lacing 
Washer and Wing Nut 
Pounding A Peg 
Fine Hole Board 
Round Peg Board 
Block-on-Block 
Side Stepping 
Date of Administration ;...._,. ___ _ 
PROCEDURE FOR ADMI NISTERING TEST ITEMS 
Scissors Cutting Item 
A. Equipment 
1. Scissors, piece of paper with pictured item 
2. Stop watch 
B. Verbal Instruction 
1. "You are to cut into this paper as far as 
the space between the two dark lines." 
Lines are indicated by the tester. 
nstay in the white space, try not to go 
into the black lines in cutting out, and 
go as fast as you can." 
2. "I'll say 'ready', 'go'; start on the word 
'go' • n 
C. Scoring 
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1. The score is the number of seconds necessary 
to complete the cutting of the circle. 
Deviations out of white space are considered 
errors and are used as correction factor in 
final determinat ion of t i me . 
D. Comments 
1. Measure of fingers and wrist movement. 
Follow a Path 
A .~Equipment 
1. Red pencil, piece of paper with pictur ed item 
2. Stop watch 
B. Verbal Instruction 
1. "You are to draw a line with your red pencil 
between the heavy lines, starting here and 
ending there." 
Lines are indicated by tester. 
"You are to stay in the path as best you can, 
but go as fast as you can." 
2. "I'll say 'ready', ' go'; st art on the word 
'go' • " 
3. The same instructions are given for part two 
of item t wo. 
C. Scoring 
1. The score is the nmQber of seconds necessary 
to complete drawing a line along the paths. 
Deviations out of the path are considered 
errors and are used as correction factor in 
final determination of time. 
D. Connnents 
1. Measure of fingers and v~ist movement. 
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Drawing an "x" Item 
A. Equipme~ 
Wra;p 
1. Red pencil, piece of paper with pictured item 
2. Stop watch 
B. Verbal Instructions 
1. "You are to put an 'x' or cross inside each 
of the circles on the paper. Try not to go 
outside the circle and try to have your 'x' 
stay exactly inside each circle." 
Tester demonstrates exactly what he means by 
doing sample circle. 
2. "I' 11 say 'ready', 'go'. 'When I say 'go' 
start with the top circles and do each 
circle on the paper as fast as you can.n 
C. Scoring 
1. The score is the number of seconds necessary 
to complete placing "x's" inside the circles. 
Deviations outside of circles or failing to 
touch a circle constitute errors. Number of 
successful "x's" drawn are used in correction 
factor for final determination of time. 
D. Comments 
1. Measure of fingers and wrist movement. 
Around Item 
A. Equipment 
1. 5/8 inch thick, 14 inch square plywood board 
with eighteen 1/2 inch dowels placed around 
in a 12 inch circle. 
2. Sixteen feet fine cord, 1/8 inch diameter 
fastened to red colored peg. 
3. Vertical stand for hanging item and with 
provision for making adjustment for heights 
of testees. 
4. Stop watch 
B. Verbal Instructions 
1. "You are to wrap this rope around these pegs 
as fast as you can." 
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Tester demonstrates exactly how this is done. 
2. "I' 11 say 'ready' , 'go' • When I say 'go' 
start wrapping this . rope around the pegs." 
C. Scoring 
1. Number of seconds necessary to complete wrapping 
of rope around pegs. 
D. Comments 
1. Peg board is plaeed at height of testee. Rope 
hangs from same peg at all times. Testee may 
start wrapping rope from either side. 
2. Measure of fingers, wrist, and arm movement. 
Nuts and Bolts 
--- r.-Equipment 
1. Flat 1 inch thick piece of wood 7 inches long 
and 4 1/2 inches wide. Evenly spaced and im-
bedded in the board are six 5/8 ineh square 
nuts with 3/8 inch threaded holes. Necessary 
are six round head bolts 3/8 inch diameter 
and 1 inch long. 
2. Stop watch 
B. Verbal Instructions 
1. "You are to put these six bolts, one at a time, 
and turn them down tight onto these nuts." 
Tester indicates exactly what he means by 
doing a sample bolt and nut. 
2. "I'll say 'ready', 'go'. \~en I say 'go' 
start with one bolt .and do all six as fast 
as you can." 
C. Scoring 
1. Number of seconds necessary to turn all six 
bolts on the nuts. 
D. Comments 
1. Measure of fingers, wrist, and arm movement. 
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Push Through 
A. Equipment 
1. Plywood front piece 11 1/2 inches by 12 inches 
with twenty 1 1/4 inch diameter holes evenly 
spaced. This is separated from the back by 
a base which is 10 inches long, 7 inches wide. 
Fastened to the plywood back, which is 11 1/2 
inches by 11 1/2 inches is a sheet of paper 
with drawn circles matching the holes of the 
front panel. 
2. A 1 inch diameter, 13 inch long dowel with a 
sharply pointed nail protruding 1/2 inch from 
the end. 
3. Stop watch 
B. Verbal Instructions 
1. "You are to hold this dowel rod and push it 
through these holes until you strike the 
paper in back." 
Tester indicates exactly what he means by 
doing several push throughs. 
2. "I'll say 'ready', 'go' • . 'When I say 'go' 
start at the top .. circle and push through 
each hole until you touch the back paper. 
Push through each hole as fast as you can." 
C. Scoring 
1. Number of seconds necessary to push through 
each of the sixteen holes. 
D. Comments 
1. Measure of fingers, wrist, and arm movement. 
Placing Circles 
A. Equipment . 
1. Plywood board 1/4 inch thick, 9 1/2 inches long, 
and 9 inches wide. Evenly spaced are twenty 
1 inch circles cut out of the board. There 
are twenty disc shaped pieces of wood which 
fit into the circular recesses in the board. 
2. Stop watch 
B. Verbal Instructions 
1. "You are to place these discs into each round 
opening on the board." 
Tester demonstrates what he means. 
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2. "I'll say 'ready', 'go'. When I say 'go' 
place these discs into the openings as fast 
as you can." 
C. Scoring 
1. Number of seconds necessary to place all the 
discs into the recesses. 
D. Comments 
1. Measure of fingers, wrist, and arm movement. 
Lacing Item 
.A. Equipment 
1. A board 1 inch thick, 11 inches long, and 
7 1/2 inches wide. Placed on the board are 
eleven screw eyes, set in two rows, four 
inches apart. Screw eyes are set so that 
no two are diametrically opposite. The 
lacing is fine cord four feet long, fastened 
to one end is a cork stopper to prevent the 
lacing from pulling through in the manipulation 
of the item. Lines are sketched on the board 
to show path lacing is to follow. 
2. Stop watch 
B. Verbal Instruct ions 
1. "I'll s a y 'ready', 'go'. When I say 'go' 
you are to take this cord and, starting here, 
pass it through each screw eye, first on one 
side and then on the other side until you have 
woven the lace through all the screw eyes." 
Tester demonstrates exactly how this is done. 
C. Scoring 
1. Number of seconds necessary to weave cord 
through the screw eyes. 
D. Comments 
1. Measure of simultaneous movement of fingers, 
wrist, and arm. 
Washer and ~ing Nut 
.A. Eq u~pment 
1. A board 1 inch thick, 10 inches long, and 
5 inches wide. Securely fastened in upright 
position and spaced evenly are ten 1/4 inch 
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diameter and 1 inch long threaded bolts. Each 
bolt has a 3/4 inch metal washer, and wing nut 
which turns on to the bolt. 
2. Stop watch 
B. Verbal Instructions 
1. "You are to put a washer and wing nut on to 
each one of these bolts." 
Tester demonstrates exactly what he means by 
doing one. 
2. "I'll say 'ready', 'go'. Vib.en I say 'go' 
you place a washer and .wing nut on each one 
of these bolts. Do all of them as fast as 
you can." 
C. Scoring 
1. Number of seconds necessary to complete placing 
all washers and wing nuts on the bolts. 
D. Comments 
1. Measure of fingers, wrist, and arm movement. 
Pounding Pegs 
A. Equipment 
1. A reversable wooden stand of two sides 5 inches 
wide and 6 inches long, held together by a 
center board, 5 inches wide and 10 inches long. 
Spaced on the center board are eight holes of 
various diameters with tight fitting matching 
slotted pegs. 
2. A small wooden mallet. 
3. Stop watch 
B. Verbal Instructions 
1. "You are to pound each one of these pegs down 
even with the top of the hole." 
Tester demonstrates exactly what he means. 
2. "I'll say 'ready', 'go'. When I say 'go' 
you use this mallet .and pound each one of 
these pegs down as far as it will go. Do 
all of them as fast as you can." 
Fine Hole Board 
A. Equipment 
1. Piece of 1/8 inch masonite, 4 1/4 inches wide, 
and 5 1/2 inches long. Spaced on this board 
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are sixty holes 3/32 inches in diameter. This 
perforated board is mounted on a piece of one 
inch pine for ease of handling. 
2. A small awl 
3. Stop watch 
B. Verbal Instructions 
1. "You are to put this awl into each one of these 
holes, starting at the top and following along 
until you reach the last hole. You are to just 
touch the bottom of the hole and move to the 
next one." 
Tester demonstrates exactly what he means. 
2. "I'll say 'ready', 'go'. vVhen I say 'go' 
start with .this first hole and move along 
touching the bottom of every hole. Do all 
of them as fast as you can. 
C. Scoring 
1. Number of seconds necessary to complete placing 
the awl in all of the holes on the board. 
D. Corrnnents 
1. Measure of fingers and wrist movement. 
Round Peg Board 
A. Equipment 
1. Rectangular board 1 1/8 inches thick, 10 inches 
long and 7 1/2 inches wide, with thirty-five 
3/8 inch holes. Pegs 5/16 inches in diameter 
and 2 3/4 inches long are used with the peg 
board. 
2. Stop watch 
B. Verbal Instructions 
1. "You are to put one peg into each of the holes 
on the board. n 
Tester demonstrates exactly what is to be done. 
2. "I' 11 say 'ready', 'go'. When I say 'go' 
start putting the pegs into the holes as 
fast as you can." 
c. Scoring 
1. Number of seconds necessary to place all pegs 
into the holes. 
D. Connnents 
1. Measure of fingers, vrrist, and arm movement. 
Block-on-Block Item 
A:-Equipme~ 
1. Seventeen blocks, 1 inch wide, 1 inch long, 
and 3/4 inch thick. 
2. Stop watch 
B. Verbal Instructions 
1. "I' 11 say 'ready', 'go'. When I say 'go' 
you are to make a tower of blocks. Place 
one block on top of another block, going 
as high as you can." 
Tester demonstrates what he means. 
2. "Use as many blocks as you can, and build 
your tower as fast as you can." 
C. Scoring 
1. The score is the number of seconds and the 
number of blocks used in building a tower. 
Total number of blocks piled will be used 
as correction factor in final determination 
of time. 
D. Comments 
1. Measure of fingers and wrist movement. 
Side Stepping 
A. Equipment 
87 
1. Flat surface 
apart. 
marked with three lines four feet 
2. Stop watch 
B. Verbal Instructions 
1. Tester indicates center line saying, "Stand 
with one foot on either side of this line. 
When I say 'go', sidestep to your right until 
your right foot touches beyond this line. 
Then sidestep to your left until your left 
foot touches beyond this line." 
Tester indicates left line. Tester demonstrates 
exactly how this item is done. 
2. "I'll say 'ready', 'go'. Start on the word 
'go'. Stop when -I say 'stop'." 
C. Scoring 
1. Each time testee sidesteps to the right or to 
the left and returns to center line counts 
88 
as one. Testee sidesteps to the right and 
left until the count of eight. Score is the 
number of seconds necessary to complete eight 
count. 
D. Comments 
1. Measure of gross motor performance. 
Intelligence, Physical Growth, Gross Motor Performance, 
and Fine Motor Performance data of 
six, seven, eight and nine year old boys. 
89 
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131 46~ 51~ 74 95 154 16 131 
112 46 3/4 52 32 104 210 24 118 
123 49~ 46 37 57 136 26 144 
134 47 · 48 53 75 101 29 148 
117 48 53 53 99 178 17 113 
101 48! 51 55 81 173 31 145 
94 49 66 41 159 276 28 171 
124 48 3/4 49~ 101 109 178 21 110 
113 44 47 103 1J-7 159 9 100 
120 50 57 73 122 140 23 171 
100 44 42 92 93 75 44 101 
96 47 1 64 93 119 135 18 111 
115 46f 47 50 97 170 37 153 
115 43l 39 65 105 190. 17 174 
125 48 51 96 75 187 20 110 
117 46 )._ 47 97 53 145 53 124 
116 48; 48~ 100 82 132 18 137 
118 48# 68 71 96 171 36 99 
117 47 45 72 75 164 15 113 
101 47 55 106 104 154 20 161 
112 46! 48! 121 81 148 46 155 
131 47! 53 63 105 149 32 118 
110 44 46 79 96 140 24 132 
108 46 61 64 111 153 18 162 
120 47 44 66 125 246 26 154 
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b1 49 51 187 21 
89 43 70 189 26 
67 44 43 152 36 
61 50 42 159 31 
55 41 44 118 13 
87 48 34 210 31 
85 33 47 192 23 
63 45 44 225 31 
67 37 49 154 21 
51 39 51 169 11 
80 39 50 152 55 
65 37 34 131 29 
75 44 63 192 30 
57 46 52 163 28 
63 38 37 191 76 
60 38 55 152 33 
58 38 48 184 31 
96 50 66 152 34 
50 44 40 149 31 
62 32 52 150 17 
69 57 46 228 53 
61 38 61 169 29 
64 56 56 182 95 
68 42 38 169 11 
75 46 62 221 105 
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126 4S~ 57 66 134 221 43 154 
113 47 53 69 90 114 24 116 
69 42 3/4 37 70 119 141 51 152 
100 43 47~ 71 120 206 27 97 
125 50 57 86 155 197 25 133 
129 48 1 49 71 78 180 15 146 
106 47; 49~ 76 111 109 19 115 
113 46 53 202 95 132 19 140 
117 48 45 93 109 187 34 153 
120 46 45 80 85 145 19 134 
114 46 47 80 82 183 22 90 
109 49~ 76 167 80 180 48 117 
107 45 41 92 83 155 37 129 
94 44 3/4 45 171 141 310 29 121 
104 481; 53 100 142 271 53 130 
93 49 · 62 153 110 193 22 137 
100 45~ 39 107 122 177 17 159 
99 47 57 183 128 195 18 121 
117 44 43 110 89 112 22 150 
96 45 46 333 163 224 38 183 
109 46~ 48 234 116 216 37 136 
106 50 50 135 151 205 20 139 
111 44i 51 160 285 338 47 144 
98 49 3/4 51i 337 154 183 27 172 
78 45i 46 395 184 218 19 173 
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51 41 45 219 57 
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56 34 54 119 19 
89 35 45 189 45 
75 39 56 199 48 
83 50 64 223 41 
86 49 38 219 31 
78 49 35 187 26 
85 45 67 220 41 
101 40 34 183 17 
72 46 64 301 38 
87 39 56 268 31 
53 40 47 233 53 
62 60 41 190 85 
98 45 67 236 50 
108 57 74 231 52 
88 48 49 248 57 
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109 48~ 54 56 52 158 15 103 57 
105 47 3/4 50 58 83 121 12 103 55 
102 46~ 46 75 97 153 26 138 72 111 45-z 50 103 97 163 44 124 68 
90 44 41~ 68 101 175 24 151 67 
110 42 36 226 146 113 27 236 70 
93 481. 58 75 65 153 20 121 59 
104 f 75 149 144 114 16 142 76 51¥ 101 472 49 55 69 120 10 105 55 
104 43 3/4 41 135 173 138 61 118 68 
118 47~ 50 160 63 156 14 109 58 
107 50 3/4 55 117 116 185 27 135 71 
117 51 3/4 411· 89 125 138 32 110 60 
104 49~ 49! 55 76 79 40 115 62 
109 49 51! 90 105 165 16 126 62 
112 46~ 40 59 63 140 19 120 62 
122 47 56t 39 69 138 19 129 55 
97 46 3/4 44~ 151 104 145 23 139 63 
104 44 52 150 103 117 38 140 73 
99 49 3/4 52 56 75 195 24 136 67 
138 48~ 47 111 64 102 14 95 52 
101 51 53 56 61 75 21 103 41 
108 46~ 47 99 85 157 27 112 50 
105 48 54 161 94 143 12 140 60 
118 48~ 55 58 99 134 21 127 23 
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42 44 172 38 
33 45 159 17 
35 30 136 82 
46 66 204 39 
50 62 249 45 
45 52 212 54 
47 47 155 21 
46 56 253 35 
45 47 206 43 
47 67 221 50 
35 33 141 16 
43 34 177 21 
38 35 164 44 
38 51 133 32 
53 50 153 41 
40 51 305 55 
34 40 140 39 
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i07 47 3/4 53 95 77 138 13 105 50 
120 48~ 57~ 59 84 134 34 101 57 
133 502 79 68 84 118 28 106 54 
133 49i 49 99 100 150 36 117 57 
111 49 56 77 100 139 18 114 60 
117 49 50 55 63 109 30 140 70 
107 49~ 57 66 79 139 30 115 66 
101 48 46 100 171 214 24 119 73 
94 46 3/4 48 68 91 198 15 130 56 
75 491. 93~ 54 100 176 25 108 55 
114 50; 65 127 96 150 11 108 51 
100 50 56 69 82 164 8 140 60 
106 50 3/4 59 70 81 141 22 107 52 
97 491. 56 57 80 181 17 136 49 
87 49~ 56 97 95 126 14 90 63 
107 50 59~ 69 71 166 22 160 69 
96 50~ 60 79 107 143 17 136 74 
117 471. 62 77 171 137 29 122 77 
108 511 61 57 81 210 35 126 56 
105 48; 56 59 76 151 14 98 44 
121 49 3/4 '-~-9~ 62 80 157 22 136 76 
99 48 48 110 85 133 36 109 59 
103 48~ 54 186 114 170 15 141 65 
110 48 3/4 48 33 47 124 18 89 48 
112 48~ 54 76 57 75 24 121 63 
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40 52 172 18 
42 50 171 24 
28 49 224 33 
33 47 149 28 
27 44 135 13 
28 50 140 32 
31 36 175 13 
45 68 144 24 
35 43 164 11 
35 33 146 20 
33 34 107 16 
30 41 179 . 25 
32 42 146 12 
45 43 123 13 
29 43 119 28 
36 43 157 20 
44 45 227 18 
50 48 154 25 
49 60 145 37 
40 28 155 20 
42 35 142 26 
30 38 135 14 
36 36 164 25 
38 28 105 26 
40 48 121 18 
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135 50 _3/4 81 44 55 126 15 87 47 
138 511;: 66~ 42 84 131 18 85 47 
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124 49.1 54 41 85 103 23 117 48 
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99 51; 56 70 78 115 15 118 35 
116 52 66 85 118 171 16 120 54 
103 51 59 69 82 150 11 106 61 
97 49 52~ 72 46 92 13 117 41 
103 48 3/4 53 44 61 109 17 120 48 
98 46~ 46i 83 64 132 22 117 61 
119 50~ 57 55 59 133 12 93 61 
106 50 3/4 64 90 53 77 15 135 59 
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38 68 214 16 57 
22 47 115 14 50 
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26 34 140 16 51 
38 49 226 16 54 
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101 51l 61* 88 77 116 21 
88 49ft 54 - 89 98 134 32 
103 45~ 45 49 79 126 14 
101 50 52 64 70 116 13 
105 54 49 1 177 107 113 19 
131 48 48~ 53 81 39 11 
143 47~ 48-z 50 40 71 19 
107 51 53 56 66 85 19 
92 51 63 58 105 132 13 
89 53 72 97 104 120 22 
116 53 78 67 73 141 29 
125 53 69 55 112 154 22 
138 51 55 54 66 112 10 
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94 50 3/4 62 52 82 175 24 
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90 40 30 31 116 
103 48 29 48 187 
100 68 34 38 133 
126 63 43 61 149 
108 52 28 32 138 
86 48 36 25 . 85 
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112 51 · 66~ 38 65 110 14 97 
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110 53 · 70 74 67 102 14 82 
73 52 54 91 55 95 14 109 
121 51 57~ 44 39 72 14 107 
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109 54 3/4 91 40 83 154 14 94 
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36 27 24 79 10 
49 43 43 159 40 
51 20 35 100 13 
51 42 46 175 9 
60 39 37 103 10 
Q) till 
r-1 (I) 
Ord P,.rd 
P=l~ J:.t rd«' 
<DO §0 S::l!l 
·r-1 ol!l 
f%.1 ~ 
49 52 
44 54 
54 61 
46 51 
41 51 
44 44 
51 60 
42 63 
45 65 
46 57 
39 59 
47 81 
53 64 
70 58 
51 68 
45 51 
46 63 
50 51 
48 62 
49 69 
52 52 
58 56 
48 45 
49 68 
52 57 
s:t 
0~ 
0 
..\£10 
Or-1 
0~ 
r-1 
Ill 
27 
23 
37 
21 
23 
14 
29 
11 
24 
20 
30 
28 
30 
24 
33 
16 
24 
38 
25 
13 
29 
24 
18 
22 
22 
~ 
•r-1 
Pt 
Pt 
Q) 
.f.) 
(f) 
(I) 
't:1 
•r-1 (/) 
24 
29 
35 
25 
36 
26 
45 
31 
34 
32 
32 
28 
35 
32 
36 
25 
39 
34 
47 
35 
27 
31 
34 
34 
37 
\,() 
0' 
Nine Year Old Boys 
--~~-- ---
--- --~-
Q) ,.q 
() rd ~ 
t:l Q § ::j Q) till 41 0 
tlD tllt:l ~ 0 rd ~ 
•r-1 ~..-I tlD ~ QDl ,.q 
r-1 +l +l O+l l!=..C:: q ~ cO+l 8 
r-1 ,.q tb Dl+l O+l •r-1 :: r-1 Q) tlD Ol:::J r-la::l ~1><1 ~ tllO ,.q +l •r-1 •r-1 •r-l 0 r-lfl.t ro:: ~p:) Ol Q Q) Q) () 0 It-! ~ ::j 
H ~ !3: Cl) ~ 0 ~ z fl.t 
101 51! 62! 72 85 134 15 145 69 
107 51 54 44 48 82 17 95 43 
110 57! 91 35 54 115 9 86 53 
102 52! 66 54 46 109 13 90 63 
123 52 3/4 60 37 43 112 9 71 46 
122 53 64 50 83 110 16 101 51 
106 53! 71 60 52 93 9 82 53 
106 52 71 37 46 147 8 78 43 
101 491. 57! 172 46 65 36 97 47 
105 51! 53 58 83 102 15 102 47 
101 49 51 112 77 86 30 101 56 
104 49 3/4- 58 39 75 96 24 83 53 
131 531. 68 59 93 110 13 99 50 
151 54~ 99 71 110 152 14 131 55 
139 59 3/4 112 70 77 112 17 101 40 
102 53 75 69 48 56 29 78 32 
120 68! 53! 91 86 92 23 92 53 
122 54 72 60 56 112 17 96 62 
149 52 82 56 99 83 28 119 71 
94 56 72 90 36 102 8 87 45 
96 53 77 44 35 107 9 81 45 
125 68 55! 40 63 101 14 97 40 
108 58 0.04 38 43 50 13 126 40 
133 53 ~ 62~ 35 87 167 11 170 42 
113 53i 91~ 63 68 82 13 94- 67 
--
rc::1+l a1 
til t:j:::$ Q) cOQ tlD 
tl!>r-1 Q Q() tlD ~tl!) •r-1 
•r-l ~ Q Q)Q §~ ()•r-1 •r-1 .Q •r-1 
a::IO () 01!3: ofl.t r-1 cO cO 
fl.t H Ss: fl.t 
40 40 216 23 
32 48 114 9 
25 29 119 9 
35 33 114 12 
34 23 116 10 
34 42 140 16 
25 34 108 21 
23 43 141 8 
49 52 140 59 
42 35 130 19 
32 41 144 l._3 
22 40 121 20 
52 31 141 16 
33 46 126 25 
25 38 127 17 
23 28 115 10 
40 28 125 25 
32 29 120 27 
39 47 134 54 
23 19 121 24 
18 25 136 13 
32 26 113 14 
37 22 179 17 
27 28 122 17 
27 36 140 25 
(J) tlD 
r-1 Q) 
Ord fl.trd ~~ ~ 
a::l rda::l 
a>O §~ Qp:) 
•r-1 0 
l%f ~ 
50 72 
43 62 
46 57 
53 52 
44 60 
47 67 
45 56 
47 61 
59 74 
58 69 
50 64 
46 58 
55 75 
55 50 
40 58 
44 47 
46 73 
55 58 
57 72 
40 51 
39 48 
40 64 
57 59 
44 49 
47 60 
Q 
0..!4 
() 
..!40 ()r-1 
Or:Q 
r-1 
r:Q 
24 
15 
16 
18 
23 
18 
10 
19 
27 
31 
23 
12 
38 
21 
35 
26 
25 
29 
35 
26 
31 
33 
45 
33 
29 
tlD 
t:l 
..-1 
Pi 
Pi Q) 
+l 
Cl) 
Q) 
rd 
•r-1 
rJl 
51 
24 
25 
34 
33 
31 
40 
30 
38 
39 
44 
29 
25 
31 
20 
22 
24 
23 
26 
24 
25 
19 
33 
27 
46 
\,() 
-..,J 
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